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 7KHUHVHDUFKZDVVXSSRUWHGE\WKH1DWLRQDO6FLHQFH)RXQGDWLRQ'LVVHUWDWLRQ,PSURYHPHQW*UDQW
5LWXDOL]HG$QLPDOV8QGHUVWDQGLQJ+XPDQ$QLPDO,QWHUDFWLRQVDW7HRWLKXDFDQ%&6)XOEULJKW
+D\V'RFWRUDWH'LVVHUWDWLRQ5HVHDUFK$EURDG3URJUDP:LOOLDP7\OHU)HOORZVKLSLQ3UH&ROXPELDQ
6WXGLHV'XPEDUWRQ2DNV5HVHDUFK/LEUDU\DQG&ROOHFWLRQ+DUYDUG8QLYHUVLW\2ZHQV)HOORZVKLS)XQG
GLVVHUWDWLRQUHVHDUFKJUDQWDQG'DYLG5RFNHIHOOHU&HQWHUIRU/DWLQ$PHULFDQ6WXGLHV7HUP7LPH
5HVHDUFK7UDYHO*UDQW,WKDQNDOORIWKHVHLQVWLWXWLRQVDQGSHUVRQQHOIRUSURYLGLQJWKHIXQGLQJWKDWPDGH
WKLVSURMHFWSRVVLEOH,ZRXOGOLNHWRH[WHQGDVSHFLDOWKDQNVWRWKH'XPEDUWRQ2DNVFRPPXQLW\
SDUWLFXODUO\&ROLQ0F(ZDQWKH:LOOLDP57\OHU)HOORZVDQGWKH3UH&ROXPELDQ)HOORZVIRUWKHLU
JXLGDQFHDQGIULHQGVKLSGXULQJWKHGLVVHUWDWLRQZULWHXS
 ,H[SUHVVP\KHDUWIHOWJUDWLWXGHIRUWKHFRQWLQXRXVJXLGDQFHRIP\GLVVHUWDWLRQFRPPLWWHH
:LOOLDP)DVK5LFKDUG0HDGRZ'DYLG&DUUDVFR5RZDQ)ODGDQG5D~O9DODGH]7KH\KDYHVKDSHGPH
DVDVFKRODUWKURXJKRXWP\JUDGXDWHFDUHHUDOZD\VDSSURYLQJIOH[LEOHDQGVXSSRUWLYH0RVWRIDOO,
WKDQNWKHPIRUWKHLUVLQFHUHLQWHUHVWLQP\SURMHFWDOZD\VHQFRXUDJLQJPHWRIXUWKHUSXUVXHQHZDYHQXHV
ERWKWKHRUHWLFDOO\DQGPHWKRGRORJLFDOO\WRFRPSOHWHP\JRDOV
 7KLVSURMHFWZRXOGQRWKDYHEHHQSRVVLEOHZLWKRXWWKHWUXVWDQGVXSSRUWIURPWKHSURMHFWGLUHFWRUV
RIWKH3UR\HFWR3LUiPLGHGHOD/XQD²6DEXUR6XJL\DPDDQG5~EHQ&DEUHUD²DQGWKH3URJUDPDGH
&RQVHUYDFLyQH,QYHVWLJDFLyQHQHO&RPSOHMR$UTXLWHFWyQLFRGHOD3LUiPLGHGHO6RO²$OHMDQGUR6DUDELD
DQG6DEXUR6XJL\DPD,ZRXOGDOVROLNHWRH[SUHVVP\JUDWLWXGHWR*HRUJH/&RZJLOOIRUKLVJXLGDQFH
WKURXJKRXWP\XQGHUJUDGXDWHDQGJUDGXDWHZRUNDQGIDFLOLWDWLQJP\UHVHDUFKDWWKH7HRWLKXDFDQ5HVHDUFK
)DFLOLW\DW6DQ-XDQ7HRWLKXDFDQ
 7KHGLVVHUWDWLRQLVWKHUHVXOWRIRQJRLQJFROODERUDWLRQVZLWKPDQ\LQGLYLGXDOVZKRP,ZRXOGOLNH
WRDFNQRZOHGJH7KH]RRDUFKDHRORJLFDODQDO\VLVRIWKHPDWHULDOVIURP(QWLHUURZDVFRQGXFWHGZLWKWKH
VXSSRUWIURP5D~O9DODGH]$OLFLD%ODQFR*LOEHUWR3pUH]%HUQDUGR5RGUtJXH]DQG)DELROD7RUUUHV
7KH\KDYHEHHQHVVHQWLDOFROODERUDWRUVFROOHDJXHVDQGIULHQGVGXULQJWKHWLPHVSHQWDWWKH3DOHR]RRORJ\
/DERUDWRU\DWWKH8QLYHUVLGDG1DFLRQDO$XWyQRPDGH0p[LFR0DWHULDOVIURP(QWLHUURVDQGZHUH
xviii

H[FDYDWHGKRXVHGDQGSUHOLPLQDU\DQDO\VLVZDVFRQGXFWHGDWWKH$UFKDHR]RRORJ\/DERUDWRU\,QVWLWXWR
1DFLRQDOGH$QWURSRORJtDH+LVWRULDZLWKWKHSDUWLFLSDWLRQRI2VFDU3RODFR)HOLVD$JXLODU$UHOODQR
0DULD7HUHVD2OLYHUD&DUUDVFRDQG1RUPD9DOHQWtQ0DOGRQDGR7KHVHWZRODERUDWRULHVZHUHP\VHFRQG
KRPHIRUWKHPDQ\\HDUV,VSHQWDQDO\]LQJWKHPDWHULDOV
 ,VRWRSHDQDO\VLVZDVFRQGXFWHGDWWKH3DOHRGLHW/DERUDWRU\DWWKH8QLYHUVLW\RI&DOLIRUQLD6DQ
'LHJR8&6'LQFROODERUDWLRQZLWK$QGUHZ6RPHUYLOOHDQGXQGHUWKHJXLGDQFHRI0DUJDUHW
6FKRHQLQJHU$QGUHZKDVEHHQDORQJWHUPFROOHDJXHDQGIULHQGZKRPDOZD\VNQHZKRZWRJHWPH
H[FLWHGDERXWDUFKDHRORJ\0DUJDUHWKDVZHOFRPHGPHLQWRKHUODEIURPWKHVWDUWDQG,ZRXOGOLNHWR
WKDQNKHUIRUWUHDWLQJPHDVSDUWRIKHUODE,ZRXOGDOVROLNHWRH[SUHVVP\VLQFHUHJUDWLWXGHIRUWKH
YDOXDEOHWUDLQLQJVXSSRUWDQGJHQHURVLW\SURYLGHGE\WKH8&6'FRPPXQLW\GXULQJP\VWD\LQSDUWLFXODU
0HODQLH%HDVOH\DQG%UXFH'HFNZKRPKDYHDVVLVWHGPHWKURXJKFRPSOHWLQJP\ODERUDWRU\DQDO\VLV,
ZRXOGDOVROLNHWRWKDQNWKHXQGHUJUDGXDWHYROXQWHHUVZKRKHOSHGSUHSDUHWKHLVRWRSHVDPSOHV+D\OH\
(OVNLQ$PDQGD(GZDUGV-DQHOO%U\DQW6DQGUD9LFWRULQH$GULHQQH.RKDQG7\NLH3D[WRQ
 'XULQJP\JUDGXDWHDQGXQGHUJUDGXDWHVWXGLHVPDQ\FROODERUDWLRQVIULHQGVKLSVDQGSURIHVVLRQDO
JXLGDQFHKDYHVKDSHGP\UHVHDUFK,ZRXOGOLNHWRH[WHQGP\VLQFHUHDSSUHFLDWLRQWR/HRQDUGR/ySH]
/XMDQ'DYLGDQG-HQQLIHU&DUEDOOR%HQDQG0DUJDUHW1HOVRQ&XUWLV0DUHDQ'DYLG)UHLGHO'HERUDK
1LFKROV(PLO\0F&OXQJGH7DSLD/LQGD0DQ]DQLOOD/LQGD%URZQ5DH%HDXELHQ7DWVX\D0XUDNDPL
&ODXGLD*DUFLD'HV/DXULHUV6DUDK&OD\WRQ2UDOLD&DEUHUDDQG.DWKHULQH6SLHOPDQQIRUWKHPDQ\
FRQYHUVDWLRQVWKDWKDYHVKDSHGP\UHVHDUFK
0DQ\SHRSOHIURPWKH+DUYDUGFRPPXQLW\KDYHVXSSRUWHGPHDVPHQWRUVIULHQGVDQG
FROOHDJXHV,ZRXOGOLNHWRWKDQNVRPHRIWKHVHLQGLYLGXDOVLQFOXGLQJ*DU\8UWRQ0DWWKHZ/LHEPDQQ
-DGH'¶$OSRLP*XHGHV/DXUHQ6DQWLQL&KULVWLQD:DULQQHU4LDRZHL:HL-DQOLQJ)X'\ODQ&ODUN
-HIIUH\'REHUHLQHU:HQJFKHRQJ/DP$OH[DQGUH7RNRYLQLQH$MLWD.3DWHO3HWHU%XUQV0DULDQQH
)ULW]0ROO\)LHUHU'RQDOGVRQ%ULDQ6WHZDUW0DUWD6REXU(PLO\+DPPHUDQG0LFKHOH.RRQV
7KURXJKRXWP\JUDGXDWHVFKRROH[SHULHQFH,KDYHEHHQVXUURXQGHGE\ZRQGHUIXOIULHQGVZKRP
KDYHWUXO\KHOGPHWKURXJKWKHPRVWGLIILFXOWPRPHQWV7KH\LQFOXGH%HOpQ&KiYH]*DOYiQ-HVXV
xix

$OIRQVR%DOOHVWHURV%HWK/RNNHQ0LQJ\LQJ/LDR<RNR.DPDWVXND$\XPL<DPDPRWR&DVDQGUD
+HUQDQGH](QULTXH3pUH]&RUWHV6DNLD'LUNVH'HQL]7XUNHU(ORGLH'XSH\*DUFLD$OEHUWR&UX]
0LNDHO)DXYHOOH6RILD/DXDQG/LDQJ6LP,ZRXOGOLNHWRWKDQNWKHVHLQGLYLGXDOVDQGPDQ\PRUHRIWKH
ZRQGHUIXOIULHQGVIRUDOOWKHWHDUVODXJKVJRVVLSDQGFRRNLQJVHVVLRQVZHVKDUHGWKURXJKRXWWKHVH\HDUV
,ZRXOGHVSHFLDOO\OLNHWRWKDQN5RE&HEROOHURIRUKLVFRQWLQXRXVHQFRXUDJHPHQWDQGVXSSRUWDV,SXVKHG
WRZDUGWKHILQLVKOLQH
,ZRXOGDOVROLNHWRWKDQNP\IDPLO\IRUWKHLUJXLGDQFHHYHU\VWHSRIWKHZD\0DVDQRZKR
DOZD\VNQHZZKDWWRVD\WRKHUIUDQWLFOLWWOHVLVWHU<RVHLZKRKDVERXQGOHVVFXULRVLW\DQGHQHUJ\DQGLV
DOZD\VZLOOLQJWRSURYLGHDKHOSLQJKDQG&LQG\DQG(ULFIRUDFFHSWLQJPHDVWKHLUOLWWOHVLVWHULQODZMXVW
WKHZD\,DP7RP\OLWWOHQHSKHZV$NLUDDQG.RMLZKRKDYHEHHQDVRXUFHRILPPHQVHMR\DQG
LPPHQVHSURFUDVWLQDWLRQDV,VFUROOWKURXJKWKHLUSLFWXUHVZKLOHZULWLQJP\GLVVHUWDWLRQ7RWKH6XJL\DPD
IDPLO\DQG2RVKLURIDPLO\IRUDOOWKHZRQGHUIXOPHPRULHVLQ-DSDQ2IFRXUVH,FDQQRWJRZLWKRXW
H[SUHVVLQJP\GHHSHVWJUDWLWXGHWR6DEXUR6XJL\DPDZKRKDVEHHQERWKDOLIHORQJLQIOXHQFHDQG
LQVSLUDWLRQ$VIDWKHUSURMHFWGLUHFWRUDQGFROOHDJXH,FDQQRWUHODWHKRZPXFKKLVSHUVRQDOVXSSRUW
WUDLQLQJDQGLQWHOOHFWXDOFRQYHUVDWLRQKDVDOORZHGPHWRGHYHORSP\SURMHFWDQGUHVHDUFKLQWHUHVWV,
ZDUPO\DQWLFLSDWHWKHSURVSHFWRIPDQ\IXWXUHFROODERUDWLRQVZLWKKLP)LQDOO\ZRUGVDORQHFDQQHYHU
DGHTXDWHO\H[SUHVVWKHPDJQLWXGHRIQRUP\JUDWLWXGHIRUWKHORYHVXSSRUWDQGFRXUDJHWKDW,UHFHLYHG
IURPP\PRWKHU.XPLNR6XJL\DPD7KDQN\RX

&KDSWHU
5LWXDOL]HG$QLPDOVDW7HRWLKXDFDQ
 $QLPDOVZHUHLQWHJUDWHGLQWRVWDWHOHYHOULWXDOL]HGSHUIRUPDQFHVDVNH\DFWRUVWKURXJKRXWKXPDQ
KLVWRU\7KLVLVHYLGHQFHGE\DQLPDOPXPPLHVLQ(J\SW,NUDPODUJHVFDOHVDFULILFLDOFKDPEHUV
ZLWKHQWLUHKRUVHVEXULHGZLWKWKHLUFKDULRWVLQODWH6KDQJSDODFHGLVWULFWDW<LQ[X&KLQD<XDQDQG)ODG
DEDQGRWKHUDUFKDHRORJLFDOHYLGHQFHIURPDOOFRUQHUVRIWKHJOREH*RHSIHUW+LOO
.OHQFN5XVVHOOE7KH\SDUWRRNLQVDFULILFLDOULWHVDFFRPSDQLHGKXPDQEXULDOVZHUHNLOOHGLQ
UR\DOKXQWVDQGZHUHH[WHQVLYHO\XVHGDVHODERUDWHULWXDOSDUDSKHUQDOLD7KLVGLVVHUWDWLRQH[DPLQHVD
FRQFUHWHFDVHVWXG\RIPDVVGHGLFDWRU\FDFKHVIURPWKHVLWHRI7HRWLKXDFDQ0H[LFR$'WR
XQGHUVWDQGKRZKXPDQDQLPDOLQWHUDFWLRQVGLUHFWO\FRQWULEXWHGWRWKHUHLILFDWLRQRIVRFLDOKLHUDUFKLHVLQ
WKHFRQWH[WRIVWDWHOHYHOULWXDOV
=RRDUFKDHRORJLFDOUHPDLQVZHUHFHQWUDOFRPSRQHQWVRIGHGLFDWRU\RIIHULQJVLQWKHWZRPDMRU
S\UDPLGVWKH0RRQ3\UDPLGDQGWKH6XQ3\UDPLG$QLPDOVSDUWRRNLQODUJHVFDOHGHGLFDWRU\ULWXDOVDV
YLFWLPVRIVDFULILFHDQGDVULWXDOSDUDSKHUQDOLD$WWKH0RRQ3\UDPLGIRXURIIHULQJVZHUHGHSRVLWHG
GXULQJWKHFRQVWUXFWLRQRIQHZEXLOGLQJSKDVHVWKDWLQFRUSRUDWHGFDUQLYRUHVLQFOXGLQJIHOLQHVFDQLGV
VHUSHQWVDQGHDJOHVLQLWVLQWHULRU3RODFR$WWKH6XQ3\UDPLGUHFHQWH[FDYDWLRQVRIDQHZRIIHULQJ
FKDPEHUXQFRYHUHGDVLPLODUDVVHPEODJHRIFDUQLYRURXVEHDVWVDVERWKSUHSDUHGDQGFRPSOHWHLQGLYLGXDOV
6XJL\DPDHWDOD7RJHWKHURYHUDQLPDOVZHUHLGHQWLILHGIURPVXFKULWXDOFRQWH[WV
UHSUHVHQWLQJRQHRIWKHPRVWXELTXLWRXVHYLGHQFHIRUDQLPDOVGHOLEHUDWHO\XWLOL]HGLQVWDWHULWXDOVIURPDQ\
VLQJOHFRQWH[WGXULQJWKH&ODVVLF3HULRG$'$'6XFKDODUJHDVVHPEODJHRIDQLPDOV
HPEHGGHGLQWRGHGLFDWRU\FDFKHVKDYHRQO\EHHQIRXQGGXULQJWKH3RVW&ODVVLFSHULRG$'DW
7HQRFKLWLWODQ3RODFR
7KHPDWHULDOVDQDO\]HGLQWKHSUHVHQWVWXG\DUHH[FHSWLRQDOQRWRQO\EHFDXVHRIWKHTXDQWLW\RI
DQLPDOVUHSUHVHQWHGEXWDOVREHFDXVHRIWKHULFKDUFKDHRORJLFDOFRQWH[WWKDWSHUPLWVVSDWLDOWHPSRUDO
FRQWUROWRUHFRQVWUXFWLQGLYLGXDODQLPDOERGLHVIRUPHDFKRIWKHRIIHUWRU\FRPSOH[HV'HWDLOHG
LQIRUPDWLRQRQQRWMXVWERG\SRVLWLRQHOHPHQWUHSUHVHQWDWLRQDQGVSHFLHVGLYHUVLW\ZLWKLQDRIIHULQJEXW
1
DOVRFKURQRORJLFDOWUHQGVLQIDXQDOXVDJHDUHDYDLODEOH,QDGGLWLRQH[FDYDWLQJFRPSOHWHDQLPDO
FDGDYHURXVin situSHUPLWWHGUHFRQVWUXFWLQJQRWRQO\WKHchaîne opértoireWKHSURFHVVRIDFTXLVLWLRQ
SUHSDUDWLRQXVHDQGGHSRVLWLRQRIHDFKDQLPDOEXWDOVRLQGLYLGXDOOLIHKLVWRULHVWKDWLQFOXGHVKXPDQ
DQLPDOHQFRXQWHUVGXULQJLWVFDSWXUHDQGPDLQWHQDQFHZLWKLQWKHFLW\
3UREOHPRULHQWDWLRQ
 $UFKDHRORJLVWVKDYHDOZD\VVWUXJJOHGWRDGGUHVVKLJKHUOHYHOVRILQIHUHQFHWKURXJKWKH
DUFKDHRORJLFDOUHFRUGHJ+DZNHV([WUDFWLQJPHDQLQJEHKLQGULWXDODFWLYLWLHVKDYHSDUWLFXODUO\
EHHQDSSURDFKHGZLWKFDUH+HUH,SURSRVHWKDWWKURXJKGHWDLOHGDQDO\WLFDOZRUNRQIDXQDOUHPDLQVULFK
ELRJUDSKLHVRIWKHDQLPDOVFDQEHUHFRQVWUXFWHG7KURXJKWKHVHUHFRQVWUXFWLRQVLWLVSRVVLEOHWRLGHQWLI\
ZK\WKHDQLPDOVZHUHVHOHFWHGLQWKHILUVWSODFHDQGWKHXQGHUO\LQJSURFHVVHVWKDWFRQYHUWHGWKHVHDQLPDOV
LQWRVWDWHV\PEROV,DVNIRXUNH\TXHVWLRQVGXULQJWKLVUHFRQVWUXFWLRQWKDWDUHH[DPLQHGLQOLJKWRIWKH
DUFKDHRORJLFDODQDO\WLFDODQGFRPSDUDWLYHGDWDVHW
1) What were the dynamic ritual processes that took place during the dedication ceremony? How did this 
ritual or set of rituals change over time? 
 0\JDWHZD\LQWRWKHSUHVHQWVWXG\ZHUHWKHIDXQDOPDWHULDOVIURPGHGLFDWRU\FDFKHV7KXVWKH
PDMRULW\RIWKHGDWDVHWFRQFHQWUDWHRQWKHPHWLFXORXVUHFRQVWUXFWLRQRIWKHULWXDOVFHQHLWVHOIWKURXJKWKH
]RRDUFKDHRORJLFDODQGLVRWRSLFHYLGHQFH$GHWDLOHGUHFRQVWUXFWLRQRIWKHGHGLFDWRU\ULWXDOLWVHOIDOORZVXV
WRJDLQDKROLVWLFXQGHUVWDQGLQJRIWKHDFWRUVWKHPRWLYHVEHKLQGWKHULWXDODQGKRZWKHDXGLHQFHZRXOG
OLNHO\KDYHH[SHULHQFHGWKHHYHQW(VVHQWLDOO\LWLVWKURXJKUHFRQVWUXFWLQJWKHQRGHVRIGHFLVLRQPDNLQJ
DERXWKRZWKHULWXDOZDVFRQGXFWHGDQGH[DPLQLQJSDWWHUQVDPRQJVWWKHDQLPDODVVHPEODJHWKDWZHDUH
DEOHWRXQGHUVWDQGZKDWDWWULEXWHVZHUHLPSRUWDQWWRH[SUHVVLQDULWXDOSHUIRUPDQFH)RUH[DPSOHZKDW
VSHFLHVZHUHVHOHFWHG"'LGWKHDJHDQGVH[SOD\DUROHLQGHFLGLQJZKLFKDQLPDOVZHUHDSSURSULDWHIRU
VDFULILFH":DVWKHTXDQWLW\RIDQLPDOVDSUHGHWHUPLQHGDWWULEXWH"
6SHFLILFVRQKRZWKHDQLPDOVZHUHEURXJKWLQDOLYHRUSRVWPRUWHPZKDWWKHDQLPDOVDQGIDXQDO
DUWLIDFWVZRXOGKDYHORRNHGOLNHVNLQQHGRUWD[LGHUPLFDOO\SUHSDUHGKRZWKH\ZHUHNLOOHGEXULHGDOLYH
RUWUDXPDDQGHYHQWKHVHDVRQDOLW\RIWKHHYHQWDUHDOOFRQVLGHUHGLQWKLVUHFRQVWUXFWLRQ7KHIDXQDO
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DVVHPEODJHLVLQWHUSUHWHGLQPXOWLSOHVFDOHVORRNLQJDWWKHRYHUDOOULWXDOVFHQHDVDVLQJOHXQLWDVZHOODV
WKHLUUHODWLRQVKLSZLWKRWKHUGHGLFDWRU\FKDPEHUVWKURXJKRXWWKHWZRPRQXPHQWV7KXVYDULDWLRQVLQWKH
ULWXDOXVDJHRIIDXQDDFURVVWLPHDQGVSDFHDUHDOVRGLVFXVVHG
,QWKLVFRQWH[WWKHULWXDOSURFHVVEHLQJUHFRQVWUXFWHGLQFOXGHVQRWMXVWWKHHYHQWLWVHOIEXWWKH
ORQJSURFHVVRISODQQLQJH[HFXWLQJDQGWHUPLQDWLQJWKHULWXDO,WLVLPSRUWDQWWRGLVWLQJXLVKEHWZHHQSUH
GHWHUPLQHGDVSHFWVWKDWUHTXLUHGYHU\VSHFLILFIDXQDODWWULEXWHVVSHFLHVQXPEHUDQGJHQGHUIRUWKH
ULWXDOWRXQGHUVWDQGWKHFKDOOHQJHVDQGKDUGVKLSVLQSURJUDPLQJWKHHYHQW6XFKDWLPHIUDPHZRXOGKDYH
WRFRQVLGHUWKHDFTXLVLWLRQPDLQWHQDQFHDQGLQVRPHFDVHVWKHSURGXFWLRQRIWKHIDXQDODUWLIDFWGXULQJWKH
SUHSDUDWRU\VWDJHV,QYHVWLJDWLQJWKLVLQLWLDOSHULRGGLUHFWO\DGGUHVVHVWKHVHFRQGUHVHDUFKTXHVWLRQ
2) What changes do we see in the type of human-animal interactions with wild carnivores? What does the 
variation expressed in these interactions mean? 
 $VGLVFXVVHGDERYHWKHEHDXW\RIWKHSUHVHQWDVVHPEODJHVLVWKDWWKH\VSHDNQRWRQO\WRWKH
UHFRQVWUXFWLRQRIWKHULWXDOVFHQHLWVHOIEXWWKDWERQHFKHPLVWU\SDWKRORJLHVDQGFRQWH[WXDOGDWDFDQ
DFFHVVDQLPDOELRJUDSKLHVWKDWLQFOXGHWKHYLYLGHQFRXQWHUVEHWZHHQKXPDQVDQGWKHVHDQLPDOV%RQH
SDWKRORJLHVWHOOKLVWRULHVRILQMXULHVGLVHDVHVDQGPDOQXWULWLRQWKDWLQGLFDWHWKDWVRPHRIWKHDQLPDOVZHUH
NHSWLQFDSWLYLW\IRUSURORQJHGSHULRGVRIWLPH)XUWKHUPRUHLVRWRSLFGDWDSURYLGHDQRWKHUOLQHRI
HYLGHQFHFRUURERUDWLQJVRPHDQLPDOVDWHDUDQJHRI&QDWXUDODQG&PDLQO\PDL]HDUWLILFLDOEDVHG
GLHWV
6XFKFRQVSLFXRXVPDWHULDOUHFRUGVRIDFWLYHFDSWLYHPDQDJHPHQWRIZLOGFDUQLYRUHVKDGQRW\HW
EHHQDUFKDHRORJLFDOO\YHULILHGLQ0HVRDPHULFDDQGFDQRQO\EHFRPSDUHGWRFRORQLDOGRFXPHQWVWKDW
GHVFULEH³0RFWH]XPD¶V]RR´ZKHUHGLYHUVHORFDODQGIRUHLJQZLOGIDXQDZHUHNHSWLQFDSWLYLW\RYHUQLQH
FHQWXULHVDIWHUWKHGHFOLQHRI7HRWLKXDFDQ%ODQFRHWDO1LFKROVRQ&HUWDLQO\WKHIDXQDO
DVVHPEODJHZDVDKHWHURJHQHRXVRQHZLWKFRPSOH[OLIHKLVWRULHVWKDWLQFOXGHGDQLPDOVWKDWZHUHKXQWHG
LQWKHZLOGDQGVRPHWKDWKDYHHYLGHQFHRIYDU\LQJGHJUHHVRIFDSWLYLW\DPRQJVWERWKSULPDU\DQG
VHFRQGDU\GHSRVLWV7KHTXHVWLRQWKHQLVGLGWKLVGLIIHUHQFHLQKXPDQPDQLSXODWLRQDQGSK\VLFDO
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HQJDJHPHQWZLWKWKHOLYHDQLPDOPDWWHU":K\ZHUHWKH7HRWLKXDFDQRVHOHFWLQJWRPDQDJHVRPHDQLPDOV
EXWQRWRWKHUV"
 'HHSO\URRWHGLQWKLVTXHVWLRQLVKRZDQLPDOVDUHFRQFHSWXDOL]HGE\LQGLJHQRXVFRPPXQLWLHV
3DUWLFXODUO\ZKDWZDVWKHEDFNGURSRIKXPDQDQLPDOHQFRXQWHUVIURPZKLFKWKLVQHZW\SHRISK\VLFDO
LQWHUDFWLRQ²QRWMXVWGLUHFWO\REVHUYLQJWKHDQLPDOEXWFRQILQLQJDQGFRQWUROOLQJLWVPRYHPHQW²ZDV
GHYHORSHG",QWKLVGLVVHUWDWLRQ,DUJXHWKDWWKLVWUDQVLWLRQIURPDV\PEROLFFRQQHFWLRQWRWKHDQLPDOWRD
GLUHFWPDQLSXODWLRQDQGHYHQGRPLQDQFHRYHUYHU\VSHFLILFSRZHUIXOFDUQLYRUHVRQWKHODQGVFDSHZDV
GHOLEHUDWHDQGFUXFLDOWRUHLI\LQJWKHVHDQLPDOVLQWRVWDWHV\PEROVDQDVSHFWWKDWLVTXHVWLRQHGDVIROORZV
3) How did the participation of animals in ritualized activities lead to the concretion of a stratified 
sociopolitical landscape?  
 'RPLQDQWFDUQLYRUHVHVSHFLDOO\WKHMDJXDUVPanthera oncaZHUHPHGLDWRUVEHWZHHQVRXUFHVRI
SRZHUUHYHUHGDVWKHPDVWHUJXDUGLDQRIDQLPDOVWKHDQFHVWUDOVSLULWVWKHJRGVDQGWKHXOWLPDWHV\PERO
RISRZHUDQGUXOHUVKLS%HQVRQ*RVVHQ6DXQGHUV$FFRUGLQJO\WKH\ZHUHRIWHQ
HOHPHQWDOLFRQVRIPLOLWDULVPDQGGRPLQDWLRQSOD\LQJFHQWUDOUROHVLQHODERUDWHVWDWHOHYHOULWXDOL]HG
DFWLYLWLHVWKURXJKRXW0HVRDPHULFD6RZKDWSURFHVVHVHVWDEOLVKHGWKHVHVSHFLILFFDUQLYRUHV²WKHIHOLQH
WKHFDQLGWKHHDJOHDQGWKHVHUSHQW²DVHOHPHQWDOV\PEROVRIWKH7HRWLKXDFDQVWDWH",DUJXHWKDWWKHLU
DFWLYHSDUWLFLSDWLRQLQULWXDOL]HGDFWLYLWLHVFRQFUHWL]HGWKHVHEHDVWVLQWRNH\V\PEROV7KLVLVHYLGHQWIURP
WKHUHSHDWHGXVHRIWKHVDPHVSHFLHVLQVWDWHULWXDOVDWERWKPRQXPHQWVDWPXOWLSOHFRQVWUXFWLRQSKDVHVD
SDWWHUQPLUURUHGLQWKHULFKLFRQRJUDSKLFUHSHUWRLUHRI7HRWLKXDFDQPXUDOSDLQWLQJV%HUULQD)XHQWH
0LOOHU6XFKDQLQWHUSUHWDWLRQSDUWLFXODUO\KLJKOLJKWVWKHGHHSFRQQHFWLRQEHWZHHQULWXDOL]HG
SUDFWLFHVDVDUHQDVZKHUHSRZHUG\QDPLFVDUHQHJRWLDWHG$QLPDOVDVDFWLYHDJHQWVLQVXFKULWXDOL]HG
SHUIRUPDQFHVSDUWRRNLQWKHFUHDWLRQUHLILFDWLRQDQGPDLQWHQDQFHRIWKHVRFLRSROLWLFDOODQGVFDSHGXULQJ
DWLPHRIUDSLGVWDWHH[SDQVLRQXUEDQL]DWLRQDQGPRQXPHQWDOLVP
,GHOLEHUDWHO\IRFXVRQWKHVRFLRSROLWLFDOODQGVFDSHEHFDXVHDQLPDOVDUHHVVHQWLDOO\WLHGWRWKHLU
HQYLURQPHQW(WKQR]RRORJLFDOFODVVLILFDWLRQV\VWHPVKDYHHVWDEOLVKHGDQLPDOKLHUDUFKLHVGHHSO\
HPEHGGHGLQWRQDWLYHFRVPRORJLHV*RVVHQ0F$QDQ\+HUH,DUJXHWKDWQDWXUDOKLHUDUFKLHV
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WKDWSODFHGFDUQLYRUHVDWWKHLUSLQQDFOHZHUHXWLOL]HGDVDPHWDSKRULFSDUDOOHOWRWKHDULVLQJVRFLDO
VWUDWLILFDWLRQLQWKH7HRWLKXDFDQYDOOH\7KHVWDWHZDVGUDZLQJRQWUDGLWLRQDOVRXUFHVRISRZHUWKURXJK
WKHVHDQLPDOVDQGDWWKHVDPHWLPHUDGLFDOO\UHYROXWLRQL]LQJDQHZW\SHRILQWHUDFWLRQZLWKWKHVHEHDVWV
WKURXJKSK\VLFDOPDQLSXODWLRQ'XULQJWKLVSURFHVVWKH\FUHDWHGHVFKDWRORJLFDOYLFWLPVRIVDFULILFHE\
YLYLGO\EXU\LQJWKHVHSRZHUIXOV\PEROVDOLYHLQWKHS\UDPLGV7KLVODVWSRLQWWKDWDQLPDOVDFULILFHVRI
WKLVQDWXUHZHUHVSHFLILFWRGHGLFDWRU\DFWVDWPDMRUPRQXPHQWVUHODWHVWRWKHILQDOTXHVWLRQ
4) What were some of the meanings and functions behind the dedicatory acts?  
 7KLVILQDOTXHVWLRQUHODWHVWRDIXQGDPHQWDOGHEDWHDERXWGHILQLQJULWXDOVLQWKHDUFKDHRORJLFDO
UHFRUG,QWKHSUHVHQWVWXG\,IRFXVRQDYHU\SDUWLFXODUFRQWH[WDQGGDWDVHWWRTXHVWLRQZKDWWKH
SDUWLFLSDWLRQRIDQLPDOVLQGHGLFDWRU\DFWVFDQWHOOXVDERXWWKHLUPHDQLQJVDQGIXQFWLRQV,QRUGHUWR
DGGUHVVWKLVLVVXHWKHIXOOFRQWH[WRIWKHGHGLFDWRU\DFWPXVWEHFRQVLGHUHG7KHVHRIIHULQJFKDPEHUVZHUH
SDUWRIWKHFRQVWUXFWLRQRIPRQXPHQWDOSODWIRUPVDWWKHFHUHPRQLDOFRUHRI7HRWLKXDFDQDFHQWHUWKDW
EHFDPHWKHQDYHORIVWDWHLGHRORJ\PDWHULDOL]HGLQWRWKHULWXDOL]HGODQGVFDSH
7DNLQJDGYDQWDJHRIWKHULFKUHFRQVWUXFWLRQVRIWKHULWXDOL]HGSURFHVVHVTXHVWLRQLQGLYLGXDO
DQLPDOELRJUDSKLHVTXHVWLRQDQGWKHVRFLRSROLWLFDOODQGVFDSHTXHVWLRQLWLVSRVVLEOHWREHJLQ
SLHFLQJWRJHWKHUWKHV\PEROLVPEHKLQGWKHGHGLFDWLRQULWXDOWKHPVHOYHVDVZHOODVWKHLUUROHLQWKH
UHLILFDWLRQRIWKHULWXDOL]HGODQGVFDSH&DQLWEHDUJXHGWKDWDQLPDOVZHUHSDUWRIDVFULELQJPHDQLQJWR
WKHVHPRQXPHQWVWKHPVHOYHV"7KLVGLVVHUWDWLRQSDUWLFXODUO\IRFXVHVRQWKH0RRQ3\UDPLGDVDPRQXPHQW
ZKHUHDQLPDOVSURYLGHDSRVVLEOHNH\WRGHFRGLQJWKHPRQXPHQW¶VV\PEROLVP
&KDSWHU2XWOLQH
 7KHGLVVHUWDWLRQFDQEHGLYLGHGLQWRWKUHHFRPSRQHQWVWKHILUVWWKUHHFKDSWHUVIRFXVRQVHWWLQJWKH
VWDJHWKHRUHWLFDOFRQWH[WXDODQGPHWKRGRORJLFDOWKHVHFRQGVHFWLRQLVFRPSRVHGRIWKHUDZGDWDVHW
]RRDUFKDHRORJLFDODQGLVRWRSLFDQGWKHODVWFKDSWHULQWHJUDWHVWKHGDWDZLWKLWVLQWHUSUHWDWLRQ7KUHH
W\SHVRIDQDO\WLFDOPHWKRGVZHUHDSSOLHGRQWKHIDXQDODVVHPEODJH]RRDUFKDHRORJLFDODQDO\VLVLVRWRSH
ERQHFKHPLVWU\DQGVSDWLDODQDO\VLV7RJHWKHUWKHVHDSSURDFKHVDUHXVHGWRGHYHORSDQDUUDWLYHRIWKH
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ULWXDOL]DWLRQSURFHVV7KHUREXVWWKHRUHWLFDOHWKQRJUDSKLFDQGLFRQRJUDSKLFOLWHUDWXUHKHOSHGLQWHUSUHWWKLV
ULFKGDWDVHWSDUWLFXODUO\LQGHILQLQJVRPHRIWKHNH\WHUPVVXFKDVDQLPDODQGULWXDO
)LUVWDQGIRUHPRVWWKHWKHRUHWLFDOIUDPHZRUNIURPZKLFKGDWDLVFROOHFWHGDQGFRQWH[WXDOL]HG
PXVWEHGHILQHG,QFKDSWHUWZRWZRNH\FRQFHSWVDUHLQWURGXFHGULWXDODQGDQLPDO5LWXDOVDUH
LQWHUSUHWHGDVSHUIRUPDQFHVZKHUHE\UHOLJLRXVLGHDVDUHWUDQVIRUPHGLQWRVRFLDODFWLRQ7KH\DUHDUHQDV
ZKHUHNH\V\PEROVDUHHVWDEOLVKHGZKHUHSRZHUQHJRWLDWLRQVRFFXUDQGWKHPHDQVE\ZKLFKWKHVH
PRQXPHQWVZHUHLPEXHGZLWKPHDQLQJDQGGHILQHGDVDFHQWUDOSODFHVLQWKHG\QDPLFULWXDOL]HG
ODQGVFDSHRI7HRWLKXDFDQ)RUWKLVVSHFLILFFRQWH[WRIVWDWHOHYHOULWXDOL]HGDFWLYLWLHVWKLVVWXG\H[DPLQHV
WKHGHGLFDWRU\FDFKHVDVDSHUIRUPDQFHDQGDSURFHVV7KHULWXDOHYHQWLVFRQVLGHUHGDVSDUWRIDORQJHU
SURFHVVZKHUHE\LWLVSDUWRIIRUH[DPSOHWKHFRQVWUXFWLRQRIDS\UDPLGDQGLWVWUDQVIRUPDWLRQLQWRD
VDFUHGPRXQWDLQ
7KHNH\WRXQGHUVWDQGLQJDQLPDOVZLWKLQLQGLJHQRXVRQWRORJLHVLVWKDWWKH\ZHUHFRQVFLRXV
LQWHQWLRQDODJHQWVDQGRQWRORJLFDOVXEMHFWV%LUG'DYLG+DOORZHOO,QJROGD9LYHLURVGH
&DVWUR,QWHUSUHWHGDVVXFKULWXDOL]HGSHUIRUPDQFHVZHUHDFHQWUDOVWDJHIRUGHYHORSLQJPHDQLQJIXO
LQWHUDFWLRQVZLWKWKHVHDQLPDOVDQGHPSRZHULQJWKHPLQWRNH\V\PEROVRIWKH7HRWLKXDFDQVWDWH6XFKD
SHUVSHFWLYHEULQJVKXPDQDQLPDOLQWHUDFWLRQVWRWKHIRUHIURQWVXJJHVWLQJWKDWWUDQVIRUPDWLRQVLQWKLVW\SH
RIHQFRXQWHUKDYHYHU\VSHFLILFLPSOLFDWLRQVLQWKHVRFLDOODQGVFDSH,WLVDWWKLVSRLQWWKDWWKHUHLVD
GLVWLQFWLRQPDGHEHWZHHQDQLPDOVWKDWZHUH³VDFULILFHG´HQWHULQJWKHULWXDOVFHQHDOLYHWREHGHSRVLWHGDV
DSULPDU\EXULDODQGWKRVHWKDWZHUHULWXDOSDUDSKHUQDOLDIDXQDOSURGXFWVWKDWZHUHVHFRQGDU\GHSRVLWV
:KDWGLVWLQJXLVKHVWKHVDFULILFHIURPRWKHUIDXQDOSURGXFWVLVWKDWLQGLYLGXDODQLPDOVZHUH³VHWDSDUW´
FRQVHFUDWHGLQWRWKHXOWLPDWHYLFWLPVDSSURSULDWHIRUVDFULILFH,QFRPSDULVRQDQLPDOERGLHVRIWHQ
UHIHUHQFHGWKHDQLPDOJURXSRUFDWHJRU\DOOXGLQJWRWKHZKROH7KXVZKLOHH[WHQVLYHPDQLSXODWLRQ
RFFXUUHGLWRIWHQZDVQRWLQGLYLGXDOL]HGLQWKHVDPHPDQQHUUHTXLUHGLQVDFULILFH
7KHWKLUGFKDSWHURIWKHGLVVHUWDWLRQVLWXDWHVWKHULWXDOVZLWKLQWKHQDWXUDODQGVRFLRFXOWXUDO
FRQWH[WRI7HRWLKXDFDQ7KHWKUHHPRQXPHQWVDWWKHFHUHPRQLDOFRUHWKH0RRQ3\UDPLGWKH6XQ
3\UDPLGDQGWKH)HDWKHUHG6HUSHQW3\UDPLGDUHLQWURGXFHGWRJHWKHUZLWKWKHGDWDNQRZQDERXWWKH
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EXLOGLQJSKDVHVH[FDYDWLRQFRQWH[WDQGHVWDEOLVKHGFKURQRORJ\3DUWLFXODUGHWDLOVDERXWWKHGHGLFDWRU\
FRQWH[WLQFOXGLQJRWKHUDVVRFLDWHGDUWLIDFWVWKHORFDWLRQWKH\ZHUHIRXQGDQGHVWDEOLVKHGGDWHVDUH
SUHVHQWHG,WLVDWWKLVSRLQWWKDWWKHIRXURIIHUWRU\FRQWH[WV²(QWLHUURVDQGIURPWKH0RRQ
3\UDPLGDQG2IUHQGDIURPWKH6XQ3\UDPLG²DUHLQWURGXFHGLQVSDWLDOWHPSRUDOUHODWLRQWRHDFKRWKHU
&KDSWHUIRXULQWURGXFHVERWKWKH]RRDUFKDHRORJLFDOPHWKRGRORJ\DQGWKHDQLPDOVWKDWDUHWKH
VXEMHFWRIWKHGLVVHUWDWLRQ7KLVLQFOXGHVGHWDLOVRQWKHVWDQGDUGVXWLOL]HGIRUWD[RQRPLFLGHQWLILFDWLRQDJH
DQGVH[GHVLJQDWLRQPHWKRGVIRUUHFRUGLQJHOHPHQWGLVWULEXWLRQDQGVXUIDFHPRGLILFDWLRQVDQG
FDOFXODWLRQVRIWKHPLQLPXPQXPEHURILQGLYLGXDOV01,6XUIDFHIHDWXUHVZHUHKLJKOLJKWHGIRU
LQWHUSUHWLQJWDSKRQRPLFSURFHVVHVSUHSDUDWLRQPHWKRGVDQGSDWKRORJLFDOLQGLFDWRUVRILQMXULHVGLVHDVH
DQGPDOQXWULWLRQWKDWFDQLOOXPLQDWHWKHSUHVHQFHRIDQLPDOFRQILQHPHQW+HUHDTXLFNVXPPDU\RI
]RRDUFKDHRORJLFDOUHVHDUFKDW7HRWLKXDFDQLVJLYHQDVDEDFNGURSWRFRPSDUHWKHVSHFLHVUHSUHVHQWDWLRQ
IURPSXEOLVKHGGDWDWKURXJKRXW7HRWLKXDFDQZLWKWKDWIRXQGIURPVSHFLDOL]HGRIIHUWRU\FRQWH[WVDQDO\]HG
LQWKHSUHVHQWVWXG\(DFKRIWKHPDLQDFWRUVSUHVHQWLQWKHRIIHULQJVDUHLQWURGXFHGLQFOXGLQJWKHDQLPDOV¶
ELRORJ\VSHFLHVGLYHUVLW\HFRORJ\DQGEHKDYLRUKRZVSHFLHVDJHDQGVH[GHWHUPLQDWLRQVZHUH
FRQGXFWHGDVXPPDU\RIWKHVSHFLHV¶SUHVHQFHLQ7HRWLKXDFDQ¶V]RRDUFKDHRORJLFDOUHFRUGDQGDQ
RYHUYLHZRILWVV\PEROLVPZLWKLQWKHJUHDWHUFRQWH[WRI0HVRDPHULFD
2QFHWKHWKHRUHWLFDOFRQWH[WXDODQGPHWKRGRORJLFDOEDFNJURXQGDUHSURYLGHGFKDSWHUILYHEHJLQV
WRSUHVHQWWKHUDZGDWDVHW=RRDUFKDHRORJLFDOGDWDZHUHGLYLGHGLQWRWZRFKDSWHUVFKDSWHUILYHIRFXVHVRQ
SULPDU\EXULDOVDQGWKHVXEVHTXHQWFKDSWHUGLVFXVVHVWKHVHFRQGDU\EXULDOV,EHJLQE\GHILQLQJWKHRYHUDOO
IDXQDOHYLGHQFHLQFOXGLQJWKHVSHFLHVDEXQGDQFHGLVWULEXWLRQDJHDQGVH[SURILOHVDQGVLJQLILFDQW
VXUIDFHPRGLILFDWLRQV$VFRPSOHWHFDGDYHUVDVSHFWVRIUHFRQVWUXFWLQJKRZWKHDQLPDOZDVVDFULILFHGDUH
SDUWLFXODUO\GHDOWLQGHSWK7KLVFKDSWHUDOVRSUHVHQWVGHWDLOHGGHVFULSWLRQVRIWKHYDULRXVSDWKRORJLHV
UHFRUGHGLQFOXGLQJVHYHUDOLQMXULHVWKDWZRXOGKDYHEHHQIDWDOLQWKHZLOG6XFKGDWDLVSUHVHQWHGWR
GHPRQVWUDWHHYLGHQFHRIFDSWLYLW\:KHQDYDLODEOHWKHVWRPDFKFRQWHQWVRIWKHVHSULPDU\EXULDOVZHUH
DOVRDQDO\]HGWKDWKHOSHGFRQVWUXFWDQDUUDWLYHRIWKHVDFULILFLDOYLFWLP
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8QOLNHSULPDU\EXULDOVVHFRQGDU\GHSRVLWVGHVFULEHGLQFKDSWHUVL[IRFXVRQWKHULWXDOL]HG
SURGXFWLRQRIDQLPDOSDUDSKHUQDOLD,TXHVWLRQZKLFKDQLPDOVZHUHVHOHFWHGDQGZKHWKHUWKLVVHOHFWLRQ
ZDVGLVWLQFWWRWKDWDSSOLHGWRSULPDU\GHSRVLWVZKHQGLGSURGXFHUVDFFHVVWKHUDZPDWHULDOIUHVKNLOORU
SRVWGHFRPSRVLWLRQKRZVWDQGDUGL]HGZDVWKHSURGXFWLRQSURFHVVDUHWKHUHFKURQRORJLFDOWUHQGVLQKRZ
DQLPDOSURGXFWVDUHPDQXIDFWXUHGZHUHWKHVHDQLPDOVDOVRPDQDJHGSULRUWRSURGXFWLRQZKDWHOHPHQWV
ZHUHXWLOL]HGDQGZKDWGLGWKHHQGSURGXFWORRNOLNH"7KLVFKDSWHUSDUWLFXODUO\IRFXVHVRQWKHRYHUODS
DQDO\VLVRIERWKHOHPHQWGLVWULEXWLRQDQGVXUIDFHPRGLILFDWLRQVWRFDOFXODWH01,DQGSURFHVVLQJ
WHFKQLTXHV/DVWO\LQWHUVSHFLHVDQGFKURQRORJLFDOWUHQGVDUHFRQVLGHUHGLQFOXGLQJREVHUYDWLRQVRID
FRPSDUDWLYHH[DPSOHRIPD[LOODU\SHQGDQWVIRXQGIURPWKH)HDWKHUHG6HUSHQW3\UDPLGRIIHULQJV
9DODGH]$]~DHWDODEWRXQGHUVWDQGWKHKHWHURJHQHRXVPDQXIDFWXULQJWHFKQLTXHVDSSOLHGDWWKH
0RRQ3\UDPLGDQG6XQ3\UDPLG
$VHFRQGPHWKRGRORJ\LVRWRSHERQHFKHPLVWU\DQGUHVXOWLQJGDWDVHWDUHSUHVHQWHGLQFKDSWHU
VHYHQ7KHGDWDIRFXVHVRQSDOHRGLHWDU\UHFRQVWUXFWLRQVRIIHOLGVFDQLGVHDJOHVDQGUDEELWVRIERWK
SULPDU\DQGVHFRQGDU\EXULDOVLQRUGHUWRUHFRJQL]HWKHSUHVHQFHRIDUWLILFLDOGLHWV7KH]RRDUFKDHRORJLFDO
HYLGHQFHSUHVHQWHGLQFKDSWHUVILYHDQGVL[KLJKOLJKWHGWKHSRVVLELOLW\WKDWFDSWLYHPDQDJHPHQWRI
FDUQLYRUHVZDVRFFXUULQJDW7HRWLKXDFDQ7KLVLVRWRSLFLQYHVWLJDWLRQSURYLGHGDQLQGHSHQGHQWOLQHRI
HYLGHQFHWRFRQILUPWKLVK\SRWKHVLV7KHFKDSWHUEHJLQVZLWKDQLQWURGXFWLRQRIWKHHOHPHQWVDQDO\]HGLQ
WKHSUHVHQWVWXG\²FDUERQQLWURJHQDQGR[\JHQ²DVZHOODVDPRGHORIKRZWRWHVWIRUWKHSUHVHQFHRI
DQDUWLILFLDOGLHW'HWDLOVRQWKHVDPSOLQJVWUDWHJ\DQGPHWKRGRORJ\LQFOXGLQJWKHFULWHULDIRUDVVHVVLQJ
GLDJHQHVLVDUHSUHVHQWHG)LQDOO\WKHUDZGDWDIRUHDFKRIWKHDQLPDOVH[DPLQHGIHOLGVFDQLGVHDJOHVDQG
OHSRULGVDVZHOODVWKHRYHUDOOLVRWRSLFSDWWHUQVDUHGLVFXVVHG7KLVODVWFRPSRQHQWLQFOXGHVSDWWHUQVRI
SULPDU\YHUVXVVHFRQGDU\EXULDOVEHWZHHQGHGLFDWRU\FRQWH[WVDVZHOODVDFDVHVWXG\RIERWKWHHWKDQG
ERQHVDPSOHVIURPDVLQJOHLQGLYLGXDO
8SWRWKLVSRLQWPRVWRIWKHGDWDZDVSUHVHQWHGE\DQLPDOFDWHJRULHVWKHQE\WKHRIIHULQJ
FRQWH[W&KDSWHUHLJKWEULQJVDOOWKHLQIRUPDWLRQEDFNWRWKHGHGLFDWRU\FDFKHWRORRNDWRYHUDOOSDWWHUQLQJ
SDUWLFXODUO\VSDWLDOOD\RXWLQWKHIDXQDODVVHPEODJH6SHFLHVGLYHUVLW\VSDWLDOSDWWHUQLQJDQGVHDVRQDOLW\
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DUHFRQVLGHUHGIRUHDFKFRQWH[WWRGHWHUPLQHRYHUDOOFKURQRORJLFDOSDUDOOHOVDQGGLIIHUHQFHV(DFKIHDWXUH
KLJKOLJKWVDGLVWLQFWDVSHFWRIWKHULWXDOSHUIRUPDQFHVSHFLHVGLYHUVLW\SLQSRLQWVNH\DFWRUVRIWKHULWXDO
VSHFWDFOHLWVVSDWLDOGLVWULEXWLRQLQIRUPVKRZDQLPDOVRULHQWHGWKHULWXDOVFHQHDQGZKDWDWWULEXWHVZHUH
LPSRUWDQWIDFWRUVLQWKLVSURFHVVDJHVH[VSHFLHVZKLOHWKHLUVHDVRQDOLW\FDQGHWHUPLQHZKHQWKHHYHQW
OLNHO\WRRNSODFH)LQDOO\DWWKHHQGRIWKLVFKDSWHUWKH]RRDUFKDHRORJLFDODQGLVRWRSLFGDWDDUH
VXPPDUL]HGWRFUHDWHDPRGHORIWKHULWXDOL]DWLRQSURFHVVUHFUHDWLQJKRZDZLOGDQLPDOZDVHLWKHU
WUDQVIRUPHGLQWRDYLFWLPRIVDFULILFHRUSUHSDUHGULWXDOSDUDSKHUQDOLD
 $VWKHFRQFOXVLRQFKDSWHUQLQHEULQJVWKHGLVFXVVLRQEDFNWRWKHFRUHDUJXPHQWVSUHVHQWHGLQ
FKDSWHUWZRWKHULWXDOL]DWLRQSURFHVVLQFRQVWUXFWLQJDQLPDOVDVVWDWHV\PEROV,UHYLHZKRZVDFULILFLDO
DQLPDOVZHUHFRQVWUXFWHGKRZULWXDOSDUDSKHUQDOLDZHUHSURGXFHGDQGODVWO\WKHFHQWUDOUROHRI
GHGLFDWRU\FDFKHVLQWKHULWXDOL]HGSURGXFWLRQRIWKHPRQXPHQWLWVHOI,DUJXHWKDWWKHFRQVWUXFWLRQRI
%XLOGLQJRIWKH0RRQ3\UDPLGZDVZKHQWKLVWUDQVIRUPDWLRQLQWRNH\V\PEROVRFFXUUHGDVOLYHDQLPDOV
ZHUHHPEHGGHGLQWRWKHS\UDPLG,QVXEVHTXHQWRIIHULQJVWKHUHZDVDWUDQVLWLRQIURPDIRFXVRQDQLPDOV
RUGHULQJWKHULWXDOVSDFHWKURXJKHPEHGGLQJVDFULILFHGDQLPDOVWRDQHPSKDVLVRQKXPDQVDFULILFLDO
YLFWLPVDQGDQLPDOSURGXFWVEHLQJXWLOL]HGWRFRQVWUXFWWKHLGHQWLWLHVRIWKHVHKXPDQV,QVXP,KLJKOLJKW
WKHFHQWUDOUROHRIKXPDQDQLPDOLQWHUDFWLRQVLQGHILQLQJWKHVRFLRSROLWLFDOODQGVFDSH

 
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7KHRULHV$QLPDOVLQ5LWXDOL]HG3HUIRUPDQFHVLQ6WDWH/HYHO6RFLHWLHV
7ZRNH\FRQFHSWVKLJKOLJKWHGLQWKLVFKDSWHUDUHHVVHQWLDOWRRXUXQGHUVWDQGLQJRIWKHUROHRI
DQLPDOVLQVWDWHOHYHOULWXDOVDW7HRWLKXDFDQWKHGHGLFDWLRQULWXDOVFRQGXFWHGDWWKHFHUHPRQLDOFHQWHUV
ZHUHritualized performancesRUJDQL]HGE\WKH7HRWLKXDFDQVWDWHDQGDVVXFKZHUHDFWLYHDUHQDVIRUWKH
FRQVWUXFWLRQRIDKLHUDUFKLFDOVRFLDOODQGVFDSHDQG$PHULQGLDQFRPPXQLWLHVJUDQWHGagency to the 
animalsWKDWZHUHSDUWLFLSDQWVLQVXFKULWXDOL]HGDFWLYLWLHV,WLVP\WKHVLVWKDWWKH7HRWLKXDFDQRVHQJDJHG
LQLQWHUSHUVRQDOUHODWLRQVKLSVZLWKWKHVHDQLPDOVWRWUDQVIRUPVHOHFWIDXQDLQWRHPSRZHUHGV\PEROVWKDW
DQLPDWHGNH\IHDWXUHVRQWKHODQGVFDSH7KLVFKDSWHUGLVHQWDQJOHVDQGFRQWH[WXDOL]HVWKHWZRNH\IDFWRUV
WKDWGHILQHWKHLQWHUSUHWLYHIUDPHZRUNXWLOL]HGWKURXJKRXWWKLVVWXG\WKHULWXDODQGWKHDQLPDO
,QWKLVFKDSWHU,EHJLQZLWKDEULHIGLVFXVVLRQRIWKHGHILQLWLRQRIULWXDODQGDUJXHIRUWKHXVHRID
SHUIRUPDWLYHDSSURDFK6XFKDQDSSURDFKKLJKOLJKWVVHYHUDONH\IHDWXUHVDSSOLFDEOHWRWKHSUHVHQWFDVH
WKHXVHRIHPSRZHUHGV\PEROVWRUHLI\DV\PPHWULFDOSRZHUG\QDPLFVWKHSURGXFWLRQRISODFHVHWWLQJ
ZKHUHVXFKDFWLRQVOLWHUDOO\WDNHDQGPDNHSODFHDQGWKHIRFXVRQERGLO\PRYHPHQWDQGLQWHUDFWLRQVRI
SDUWLFLSDQWV,HPSOR\WKLVDSSURDFKWRGHILQHWKHPDWHULDOFRUUHODWHVWKDWGHILQHKRZDQLPDOVZHUH
FRQYHUWHGLQWRHPSRZHUHGV\PEROVGHOLQHDWHKRZDQLPDOVSDUWLFLSDWHGLQWKHSURGXFWLRQRISODFHV
WKURXJKWKHLULQFRUSRUDWLRQLQWRWKHPRQXPHQWVDQGILQDOO\DWWHPSWWRXQGHUVWDQGZKDWDQDQLPDOLVDV
,QJROGDKDVTXHVWLRQHG6XFKDQLQTXLU\PXVWEHJLQZLWKDGLVFXVVLRQRI³SHUVSHFWLYLVP´WKH
XQGHUVWDQGLQJRIDQLPDOVLQDUHODWLRQDORQWRORJ\HQGRZHGZLWKSHUVRQKRRG9LYHLURVGH&DVWUR,W
LVWKHLQWHUSHUVRQDOUHODWLRQVKLSVERWKV\PEROLFDQGSK\VLFDOWKDWKXPDQVKDYHZLWKDQLPDOVWKDWKHOS
IRUPXODWHWKHVRFLDOLGHQWLW\RIWKHDQLPDOLQTXHVWLRQ7KXV,DUJXHWKDWD]RRDUFKDHRORJLFDOH[DPLQDWLRQ
RIERWKDQLPDOYLFWLPVVHOHFWHGIRUVDFULILFHDQGWKHHPERGLHGUHPDLQVRIDQLPDOSURGXFWVIURP
GHGLFDWRU\FDFKHVLVDQHIIHFWLYHZD\WRGLVFHUQWKHUROHRIDQLPDOVLQWKHFRQVWUXFWLRQRIWKHVRFLDO
ODQGVFDSHDW7HRWLKXDFDQ

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7KH5LWXDO'HILQLWLRQVDQG,QWHUSUHWLYH3DUDGLJP
7KHUHDUHDVPDQ\ZD\VWRGHILQHULWXDODVWKHUHDUHFRQWH[WVZKHUHULWXDOL]HGDFWLYLWLHVWDNHSODFH
7KHSXUSRVHRIWKLVFKDSWHULVQRWWRFRPHXSZLWKDFRPSUHKHQVLYHXQLYHUVDOGHILQLWLRQRIULWXDOEXWWR
GHVFULEHWKHSDUWLFXODUFRQWH[WLQZKLFKULWXDODFWLYLWLHVDW0HVRDPHULFD¶VODUJHVWFLW\LVLQWHUSUHWHG2QO\
RQHW\SHRIULWXDODFWLYLW\²WKRVHDVVRFLDWHGZLWKVWDWHOHYHOULWXDOL]HGDFWLYLWLHV²DQGRQHDJHQWLVWKH
IRFXVRIWKHSUHVHQWVWXG\²WKHDQLPDOVWKDWSDUWLFLSDWHGLQWKHVHDFWLYLWLHV7KHSDUWLFXODUFRQQHFWLRQ
WKHVHULWXDOVKDYHWRWKH7HRWLKXDFDQVWDWHDOUHDG\GHILQHVRQHRIWKHNH\FRPSRQHQWVWKDWPXVWEH
DGGUHVVHGWKHUHODWLRQRIULWXDOWRSRZHUSDUWLFXODUO\LQWKHIRUPDWLRQRIDGRPLQDQWVWDWHLGHRORJ\7KH
PDWHULDOWUDFHVEHLQJDQDO\]HG]RRDUFKDHRORJLFDOUHPDLQVVXJJHVWWKDWZHDUHORRNLQJDWWKHSK\VLFDO
WUDFHVRIDQLPDOERGLHVDQGERG\SDUWV7KHUHIRUHWKHUROHRIWKHERG\LQDULWXDOLVDOVRGLVFXVVHG/DVWO\
ZHVKRXOGWDNHVSHFLDOFRJQL]DQFHRIWKHFRQWH[WLQZKLFKWKHVHULWXDOVZHUHFRQGXFWHGWKHSK\VLFDOSODFH
RQWKHODQGVFDSHDQGKRZULWXDOVDUHXWLOL]HGWRGHILQHWKHP%HIRUHGLYLQJLQWRWKHVHVSHFLILFDVSHFWVRI
ULWXDO,SURYLGHDEULHIRYHUYLHZRIWKHWUDMHFWRU\DQGRYHUDOOSDWWHUQVRIKRZULWXDOVDQGUHOLJLRQDUH
GLVFXVVHGDQGGHILQHGIRUWKHSXUSRVHVRIP\DQDO\VLV7KLVLVLQQRZD\DFRPSUHKHQVLYHVXUYH\EXW
SURYLGHVWKHEDFNJURXQGWRVWUXFWXUHKRZWKHSUHVHQWVWXG\LQWHUSUHWHGULWXDOV
2QHPDMRUSRLQWRIFRQWHQWLRQLQWKHDQWKURSRORJLFDOOLWHUDWXUHLVWKHUHODWLRQRIULWXDOWRUHOLJLRQ
:KLOHVRPHGRQRWDJUHHWKDWULWXDOVPXVWQHFHVVDULO\EHUHOLJLRXVDQGIRFXVLQVWHDGRQUHSHWLWLYHDFWLRQV
.\ULDNLGLVE0DUFXVWKHSUHVHQWVWXG\FRQFHQWUDWHGRQSDUWLFXODUDFWVWKDWGLUHFWO\
UHIHUHQFHGDVSHFWVRIKRZWKHLUZRUOGYLHZZDVRUJDQL]HG,QIDFWLWLVDUJXHGWKDWWKHVHULWXDOL]HGDFWV
ZHUHDPRQJWKHIRXQGDWLRQDOPHDQVE\ZKLFKWKHLUXQGHUVWDQGLQJRIWKHZRUOGDURXQGWKHPZDV
SK\VLFDOO\PDWHULDOL]HGLQWRWKHFXOWXUDOODQGVFDSHWKURXJKWKHFRQVWUXFWLRQRIDFHUHPRQLDOFHQWHUWKH
FUHDWLRQRIDFRVPRYLVLRQDQGRIDFRVPRJUDP&DUUDVFR6XJL\DPD,QVWHDGRIWU\LQJWR
LQWHUSUHWEHOLHIV\VWHPV±WKHUHOLJLRXV±WKLVVWXG\FRQFHQWUDWHVRQULWXDOEHFDXVHULWXDOVDUHDIRUPRI
SUDFWLFHWKDWOHDYHVPDWHULDOWUDFHVDQGPRUHUHDGLO\SLQSRLQWVWKHXQGHUO\LQJSURFHVVHVWKDWFUHDWH
PDLQWDLQDQGUHLI\WKHVHEHOLHIV\VWHPV+RZHYHUEHFDXVHRIWKHUHOLJLRXVQDWXUHRIWKHSUHVHQWFRQWH[W
GLVFRXUVHVRQKRZWUDFHVRIWKHEHOLHIV\VWHPFDQEHLGHQWLILHGDUFKDHRORJLFDOO\QHHGWREHFODULILHG
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,QDQDO\]LQJULWXDOVDQDSSURSULDWHSODFHWREHJLQLVZLWKKRZULWXDOVDUHGHILQHG+RZHYHUPDQ\
UHVHDUFKHUVKDYHDFWLYHO\UHMHFWHGXQLYHUVDOGHILQLWLRQVRIULWXDOVXJJHVWLQJLQVWHDGWKDWWKH\VKRXOGQRW
EHGHILQHGDWDOO6RPHDUJXHIURPWKHSHUVSHFWLYHRIFRQWH[WXDODUFKDHRORJ\RUKLVWRULFDOSDUWLFXODULVP
WKDWHDFKULWXDOQHHGVWREHXQGHUVWRRGZLWKLQWKHDSSURSULDWHKLVWRULFDODQGFRQWH[WXDOIUDPHZRUNDQG
DQ\XQLYHUVDOIUDPHZRUNZRXOGEHWRRJHQHUDORUDOOHQFRPSDVVLQJWREHXVHIXO%HOO,QVROO
.\ULDNLGLVF,QWKLVYLHZHDFKULWXDOVKRXOGVWDQGLQLWVRZQ³WKLFNFRQWH[W´,QVROO
GHILQHGE\WKHVRFLHW\WKDWSUDFWLFHVLWDSHUVSHFWLYHWKDWUHTXLUHVULWXDOWREHDQDO\]HGRQO\ZLWKLQWKH
DSSURSULDWHVRFLDOKLVWRULFDODQGPDWHULDOFRQWH[W.\ULDNLGLVF,QFRQWUDVWYHU\VSHFLILFGHILQLWLRQV
RIULWXDOEDVHGHQWLUHO\RQDFRQWH[WXDOL]HGH[DPSOHFDQEHWRRQDUURZWREHXWLOL]HGDQ\ZKHUHHOVHDQG
WKXVPHDQLQJOHVVLQWKHFRQWH[WRIJUHDWHUDQWKURSRORJLFDOGLVFRXUVH6PLWK
2WKHUVUHMHFWGHILQLQJULWXDODOWRJHWKHUHJ%HOO7KLVLVEHFDXVHULWXDODQG
SDUWLFXODUO\UHOLJLRQDUHWKHSURGXFWVRIDVFKRODUO\GLVFXUVLYHSURFHVVFUHDWHGIRUDQLQWHOOHFWXDOSXUSRVH
$VDGDQGWKXVFRPSULVHeticFDWHJRULHV+RZHYHURQHFDQDUJXHWKDWEHFDXVHULWXDOLVDQ
LQWHUSUHWLYHWHUPFUHDWHGE\VFKRODUVLWLVWKHLUVWRGHILQHDQGLVDPHQDEOHWRWKHSDUWLFXODUFRQWH[WXDO
VLWXDWLRQDVZHOODVWKHLQWHUHVWRIWKHVFKRODU6PLWK,DPFRPIRUWDEOHZLWKDPXOWLSOLFLW\RI
GHILQLWLRQVZKLOHVWLOODFNQRZOHGJLQJWKHQHHGIRUDGHOLQHDWLRQRIWKHWHUP$V.\UDNLWLVD
ULJKWIXOO\SRLQWVRXWHDFKUHVHDUFKHUVKRXOGGHILQHULWXDOZLWKLQWKHDUFKDHRORJLFDODQGWKHRUHWLFDOFRQWH[W
LQZKLFKWKHLUVWXG\LQWHUSUHWVULWXDO7KXVLQVWHDGRIJRLQJWKURXJKDKLVWRULFDORYHUYLHZRIKRZULWXDO
DQGUHOLJLRQKDYHEHHQGHILQHGVHH%HOOIRUDQRYHUYLHZ,EULHIO\H[DPLQHWKHEURDGHU
WKHRUHWLFDOIUDPHZRUNVIURPZKLFKULWXDOVKDYHEHHQGHILQHGWRIRUPXODWHWKHDSSURSULDWHGHILQLWLRQIRU
WKHSUHVHQWVWXG\
$FFRUGLQJWR)RJHOLQWKHUHLVDGLFKRWRP\EHWZHHQUHOLJLRQULWXDODQGEHOLHIDFWLRQDQG
WKHUHDUHWZREURDGLQWHUSUHWLYHIUDPHZRUNVXWLOL]HGWKDWIRFXVRQRQHRIWKHVHDVSHFWV6WUXFWXUDOLVWV
YDOXHUHOLJLRQDVDSULPDU\IUDPHZRUNDQGEHOLHYHULWXDOVIXQFWLRQWRHQDFWUHOLJLRXVEHOLHIV)RJHOLQ
,QWKLVSDUDGLJPULWXDOLVDFRPSOH[V\PEROLFFRPPXQLFDWRU\V\VWHPWKDWHQFRGHVFXOWXUDOYDOXHV
DQGDVHQVHRIVRFLDORUGHU6XFKDQLQWHUSUHWDWLRQDVVXPHVDGHJUHHRIVWDELOLW\DQGFRQWLQXLW\EHWZHHQ
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UHOLJLRXVLGHDVDQGULWXDODFWVHJ%ORFKDOORZLQJIRUXVHRIKLVWRULFDQGHWKQRJUDSKLFVRXUFHV
IRUXQGHUVWDQGLQJEHOLHIV\VWHPV3DUWLFXODUO\XVHIXOLQVXFKIUDPHZRUNVDUHWKHLQWHUSUHWDWLRQRIP\WKV
ZKHUHULWXDOVDUHDUJXHGWREHUHSURGXFWLRQVRIVXFKRUDOWUDGLWLRQVWKDWHQFRGHXQGHUO\LQJVRFLDO
VWUXFWXUHV(OLDGH/pYL6WUDXVV*HHUW]DUJXHVWKDWV\PEROLFPHDQLQJVDUHHPERGLHG
UHIRUPXODWHGDQGUHLQIRUFHGWKRXJKWKHULWXDODFW6XFKDQXQGHUVWDQGLQJDVVXPHVV\PEROVDVH[WULQVLF
VRXUFHVWKDWDUHEH\RQGWKHERXQGDULHVRIWKHLQGLYLGXDORUJDQLVPWRPDQLSXODWH+RZHYHUKLVDQDO\VLV
ZDVFULWLFL]HGEHFDXVHVXFKDQLQWHUSUHWDWLRQXQGHUPLQHVWKHSURFHVVHVWKURXJKZKLFKVXFKPHDQLQJV
ZHUHFRQVWUXFWHGDQGGRHVQRWDOORZIRUFKDQJH$VDG
2QWKHRWKHUKDQGSUDFWLFHWKHRULVWVKLJKOLJKWULWXDOVDVWKHNH\LQWHUSUHWLYHFRQFHSW
'RZQSOD\LQJWKHPHDQLQJEHKLQGWKHULWXDOWKH\DVNZKDWULWXDOVdo WKURXJKIRFXVLQJRQWKHDFWLRQVRI
LQGLYLGXDOV)RJHOLQ%HJLQQLQJZLWK'XUNHLPWKHUHKDVEHHQDQRQJRLQJGLVFXVVLRQRQWKH
IXQFWLRQDODQGVRFLDODVSHFWVRIUHOLJLRQDVDPHDQVRIVRFLDOFRKHVLRQ±DVDJOXHRIPHFKDQLFDOVROLGDULW\
WKRXJKWKHFKXUFK3UDFWLFHWKHRU\DSSURDFKHVWRULWXDOEXLOGRQWKLVFRQFHSWEXWIXUWKHUDUJXHWKDWLWLV
LQWHJUDWLYHDFWLRQQRWFROODERUDWLYHWKRXJKWVWKDWSURGXFHFRPPXQDOVROLGDULW\,QRPDWD7KLV
WKHRUHWLFDOIUDPHZRUNJLYHVDJHQF\WRLQGLYLGXDOVZKRFRQVWUXFWPDLQWDLQRUPRGLI\UHOLJLRXVEHOLHIV
WKRXJKULWXDODFWVWKDWFDXVHVRFLDOFKDQJHV%HOO6XFKDQLQWHUSUHWDWLRQDGYRFDWHVIRUD
FUHDWLYHRUSRWHQWLDOO\UHYROXWLRQDU\DVSHFWRIULWXDO)RJHOLQ%HOOXWLOL]HVritualizationWR
GLVWLQJXLVKULWXDOVDVPRUHDSURFHVVWKDQDQHYHQWDQGDUJXHVWKDWVXFKSURFHVVHVDUHWKHSDUDGLJPDWLF
PHDQVRIVRFLRFXOWXUDOLQWHJUDWLRQDSSURSULDWLRQRUWUDQVIRUPDWLRQ6XFKIUDPHZRUNVDUHHIIHFWLYHLQ
XQGHUVWDQGLQJULWXDOVDVDPHDQVWKDWFRQVWUXFWVDQGUHLILHVVRFLDOERXQGDULHVSDUWLFXODUO\LQWKHFRQWH[WV
RIFKDQJLQJVRFLRSROLWLFDORUJDQL]DWLRQV%HOO)ODGEXWRIWHQGRQRWDOORZXVWRH[DPLQHWKH
PHDQLQJEHKLQGVDFWLRQVDQGV\PEROV
,WLVLPSRUWDQWWRGHILQHZKDWWKHRUHWLFDOVWDQFHLVXWLOL]HGEHIRUHRIIHULQJWKHLQWHUSUHWDWLRQV
EHFDXVHLWGHILQHWKHVFDOHRIVWXG\WKHDVVXPSWLRQVXWLOL]HGZKDWGDWDDUHDQDO\]HGDQGWKHZD\ULWXDOV
DUHGHILQHG)RJHOLQ6WUXFWXUDOLVWVWKDWIRFXVRQPHDQLQJDUHLQWULQVLFDOO\LQWHUHVWHGLQORQJ
WHUPV\PEROLFPHDQLQJVWKDWDUHWRVRPHGHJUHHVWDWLF7KH\RIWHQUHO\RQKLVWRULFDODQGHWKQRJUDSKLF
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GDWDVHWVLQUHODWLRQWRDUFKDHRORJLFDOFRUUHODWHVSDUWLFXODUO\V\PEROLFFRQQHFWLRQVVXFKDVWKRVHWKDWFDQ
EHREVHUYHGWKURXJKLFRQRJUDSKLFDQDO\VLVWRXQGHUVWDQGWKHXQGHUO\LQJEHOLHIV\VWHPVLQRSHUDWLRQ
%HWWVHWDO%XVDWWD2QWKHRWKHUKDQGSUDFWLFHWKHRULVWVIRFXVRQWKHDFWLRQVRILQGLYLGXDOV
DQGKRZULWXDOFKDQJHVPD\EHOLQNHGWRVRFLRSROLWLFDOWUDQVIRUPDWLRQVLQDQFLHQWVRFLHWLHV7KH\IRFXVRQ
UHFRQVWUXFWLQJKRZWKHDFWLRQVRILQGLYLGXDOVKDYHFKDQJHGRYHUWLPHDQGDUHRIWHQOLQNHGWRFKDQJLQJ
SRZHUVWUXFWXUHVVXFKDVWKHULVHRIKLHUDUFKLFDOVRFLHWLHVHJ)ODG
8QIRUWXQDWHO\WKLVGLFKRWRP\KDVPDQ\SLWIDOOVIRUXQGHUVWDQGLQJULWXDOV2QWKHRQHKDQG
VWUXFWXUDOLVWVDUHRIWHQXQGHUWKHLOOXVLRQWKDWWKHUHZDVULWXDOVWDJQDWLRQZKHUHLQPHDQLQJVDUHXQDIIHFWHG
E\WKHG\QDPLFVRFLRSROLWLFDOFRQWH[WRIWKHWLPH2QWKHRWKHUKDQGSUDFWLFHWKHRULVWVFDQLQWHUSUHW
ULWXDOVDV³K\SHUDFWLYH´VRPHWLPHVXQGHUPLQLQJWKHFRQVLGHUDWLRQWKDWWKH\RSHUDWHZLWKLQWKH³GXUDEOH
DGMXVWHGGLVSRVLWLRQV´ZLWKLQWKHhabitus'H0DUUDLV7KHhabitusUHSUHVHQWVWKHXQGHUO\LQJ
VWUXFWXULQJPHFKDQLVPVWKDWJLYHSHUPDQHQFHDWWKHVDPHWLPHDOORZLQJIRUFUHDWLYHLQQRYDWLRQDQG
YDULDELOLW\PDNLQJWKHPHIIHFWLYHIRUPVRIDFWLRQ%RXUGLHX:DFTXDQW,QSUDFWLFH
PRVWUHVHDUFKHUVGRQRWIROORZVWULFWO\VWUXFWXUDORUSUDFWLFHRULHQWHGDSSURDFKHVRIWHQMXJJOLQJLQVLJKWV
IURPERWKSHUVSHFWLYHV)RJHOLQ%XWDV)RJHOLQULJKWIXOO\SRLQWVRXWWKLVLVRIWHQWKH
SURGXFWRIVLPSO\VLGHVWHSSLQJWKHVHWKHRUHWLFDOFRQVWUXFWV7KHUHLVDQHHGIRUDPRUHH[SOLFLWDWWHPSWWR
DWWDLQDPRUHQXDQFHGSHUVSHFWLYHDOORZLQJUHVHDUFKHUVWRH[DPLQHWKHGLDOHFWLFDOLQWHUSOD\EHWZHHQ
EHOLHIDQGDFWLRQ
2QHZD\WRRYHUFRPHWKLVGXDOLVWLFSHUVSHFWLYHLVWKURXJKIRFXVLQJRQWKHULWXDODFWDVD
SHUIRUPDQFH±DFXOWXUDOO\FRQVWUXFWHGV\VWHPRIV\PEROLFFRPPXQLFDWLRQWKDWLVH[SHULHQFHGWKURXJKWKH
SK\VLFDOERG\5DSSDSRUW7DPELDK7XUQHU3HUIRUPDQFHWKHRULVWVIRFXVRQWKHDFWLYH
DQGFRPPXQLFDWLYHDVSHFWVRIULWXDOVDOORZLQJVFKRODUVWRLQWHUSUHWWKHPDVERWKDIRUPRIDFWLRQDQG
WKXVDSURFHVVZKLOHUHFRJQL]LQJWKDWWKH\H[SUHVVPHDQLQJ%HOO,QRPDWD,QRPDWDDQG
&REHQ$VVXFKWKHGLDOHFWLFLQWHUFRXUVHEHWZHHQPHDQLQJDQGSUDFWLFHLVHVWDEOLVKHGLQDUHOLJLRXV
VSHFWDFOH+HUH,EULHIO\GLVFXVVVHYHUDOFKDUDFWHULVWLFVRIULWXDOL]HGSHUIRUPDQFHVWKH\DUHH[SHULHQFHG
WKH\FRQYH\PHDQLQJWKH\LQFOXGHSDUWLFLSDQWVDFWRUVDQGREVHUYHUVWKH\WDNHSODFHLQD
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SDUWLFXODUVHWWLQJDQGDVULWXDOVWKHVHSHUIRUPDQFHVKDYHYHU\YLDEOHLPSOLFDWLRQVWRWKHVRFLDOLGHQWLW\
RIWKHJURXS
1) Performances are experienced   
6RZK\DUHH[SHULHQFHVVXFKDQLQWHJUDOFRPSRQHQWRIULWXDOV"7KLVLVEHFDXVHDQFKRULQJWKH
VRFLDOLGHQWLWLHVWUDGLWLRQVDQGYDOXHV\VWHPVRIDFRPPXQLW\WRWDQJLEOHLPDJHVDQGDFWLRQVWKDWDUH
H[SHULHQFHGLVDQHIIHFWLYHVWUDWHJ\IRUWKHVROLGLILFDWLRQRIWKHVHFRQFHSWVLQWRWKHVRFLDOPHPRULHVRIWKH
LQGLYLGXDOV,QRPDWD5LWXDOVDUHH[SHULHQFHGWKURXJKHPRWLYHDQGVRPDWLFPHDQVDQGLWLVWKURXJK
WKHVHPXOWLIDFHWHGVHQVRU\H[SHULHQFHVWKDWULWXDODFWVUHLQIRUFHDQGDXWKHQWLFDWHWKHXQGHUO\LQJYDOXHV
'RUQDQ7KXVVRPHUHVHDUFKHUVKDYHIRFXVHGRQWKLVVHQVXDODVSHFWRIWKHULWXDOWRUHFRQVWUXFW
KRZLQGLYLGXDOVZRXOGKDYHH[SHULHQFHGWKHULWXDO+RXVWRQDQG7DXEH)RUH[DPSOHVRPHXVH
FRJQLWLYHDUFKDHRORJ\H[SORULQJQHXURVFLHQWLILFDSSURDFKHVWRXQGHUVWDQGKXPDQH[SHULHQFHVWKURXJK
XQGHUVWDQGLQJWKHLQQHUZRUNLQJVRIWKHEUDLQ'RUQDQ5HQIUHZDQG=XEURZ9DQ3RRO
2WKHUVGLVFXVVVHQVXDOULWXDOH[SHULHQFHVDVGHILQHGE\ERGLO\PRYHPHQWWKHUHE\FRQYH\LQJ
GLUHFWLRQDOLW\DQGVSDWLDOLW\DVNH\IHDWXUHVLQWKHULWXDOH[SHULHQFHWKDWFDQEHLQYHVWLJDWHGWKURXJKWKH
QDWXUDORUEXLOWHQYLURQPHQW0RRUH3DUNLQ:KLOHWKHSUHVHQWFDVHFDQQRWUHFRQVWUXFW
KXPDQVHQVXDOH[SHULHQFHVLWIRFXVHVRQWKHSK\VLFDOH[SHULHQFHVRIWKHSDUWLFLSDQWDQLPDODVDNH\
DVSHFWRIWKHULWXDOL]HGSURFHVVWKURXJKWKHGHWDLOHGUHFRQVWUXFWLRQVRIWKHDQLPDOV¶OLIHKLVWRULHV
2) Performance conveys meaning 
,QDQDO\]LQJDULWXDOZHPXVWDVNZKDWLVEHLQJFRPPXQLFDWHG:KLOHSHUIRUPDQFHWKHRULVWVGR
QRWVLPSO\DVVXPHWKDWSUHH[LVWLQJV\PEROLFYDOXHVDUHWUDQVPLWWHG±LQIDFWWKH\DUJXHWKDWQHZDQG
UHYROXWLRQDU\YDOXHVFRXOGIRUP±WKH\DOVRDFNQRZOHGJHWKHXQGHUO\LQJWUDGLWLRQVIURPZKLFKVXFKULWXDO
DFWLRQVDUHIRUPXODWHG,QRPDWD%RWKLQGH[LFDOVHOIUHIHUHQWLDODQGFDQRQLFDOFXOWXUDOWUDGLWLRQ
YDOXHVDUHFUHDWHGPDQLSXODWHGPDLQWDLQHGUHLILHGDQGDFFHSWHGWKURXJKWKHVHDFWLRQV5DSSDSRUW
7DPELDK7XUQHU0DQ\RIWKHVHPD\EHLGHQWLILHGDV³NH\V\PEROV´WKDWERWKVXPPDUL]HDQG
HODERUDWHFRQFHSWVWKURXJKURRWPHWDSKRUVRUSURYLGLQJNH\VFHQDULRVWKDWRULHQWWKHVRFLRFXOWXUDOYDOXH
V\VWHPVWKURXJKWKHULWXDODFW2UWQHU
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6RPHVD\V\QWD[WKHIRUPRUZD\WKHULWXDOLVHQDFWHGLVPRUHLPSRUWDQWWKDQWKHVHPDQWLFVWKH
FRQWHQWDQGPHDQLQJDVWKHIRUPHUUHVWULFWVWKHODWWHU%ORFK+RZHYHUVHYHUDOUHVHDUFKHUVDUJXH
WKDWWKHUHLVDGLDOHFWLFDOUHODWLRQVKLSZKLOHV\QWD[IRUPVKDSHVVHPDQWLFVPHDQLQJVHPDQWLFV
FRQVWUDLQVULWXDOV\QWD[,QRPDWDDQG&REHQ7DPELDK7KXVDQ\XQGHUVWDQGLQJRIPHDQLQJ
ZRXOGLQKHUHQWO\KDYHWRLQYHVWLJDWHWKHIRUPLQZKLFKWKHVHPHDQLQJVDUHIRUPXODWHGPDQLSXODWHGDQG
HPERGLHGDQDVSHFWWKDWLVPRUHUHDGLO\REVHUYDEOHWKURXJKWKHDUFKDHRORJLFDOUHFRUG7KHILUVWVWHSVLQ
WKLVSURFHVVZRXOGEHLGHQWLI\LQJNH\V\PEROVLQDULWXDOL]HGSHUIRUPDQFHFRQWH[WXDOL]LQJWKLVV\PERO
ZLWKLQWKHWUDGLWLRQVRIWKDWJURXSWKHQORRNLQJDWWKHZD\LQZKLFKWKHVHV\PEROVZHUHSURGXFHG
FRQWUROOHGDQGUHLILHGZLWKLQWKHSDUWLFXODUULWXDOLQTXHVWLRQ
3) The participants  
7KHSHUIRUPDQFHPRGHOEULQJVWKHSDUWLFLSDQWVRIWKHVSHFWDFOH±DFWRUVDQGDXGLHQFH±LQWRWKH
IRUHIURQW3DUWLFLSDQWVDFWLYHO\UHLQWHUSUHWYDOXHODGHQV\PEROVWKDWDUHDWWKHVDPHWLPHFRPPXQLFDWHG
WR±DQGE\±WKHSDUWLFLSDQWV%HOO,QRPDWD6RPHWKHRULVWVSODFHSDUWLFXODUDWWHQWLRQRQ
WKHQHHGIRUDQREVHUYHUDXGLHQFHZKHWKHUVXSHUQDWXUDOKXPDQRUQRQKXPDQQDWXUDO,QRPDWDDQG
&REHQ3HUIRUPDQFHWKHRU\DOORZVIRUDGHJUHHRIHPRWLRQDOYDULDQFHLQWKHSDUWLFLSDQWVUDQJLQJ
IURPLQGLIIHUHQFHRUUHVLVWDQFHWRDFWLYHSDUWLFLSDWLRQ%HOO,QRPDWDDQG&REHQ
6XFKDSHUVSHFWLYHDOORZVIRULQGLYLGXDODXWRQRP\ZKLOHVWLOOVXFFHVVIXOO\FRQVWUXFWLQJDVHQVHRI
FRPPXQLW\DQGUHLI\LQJVRFLDOUHODWLRQVKLSV7KHSK\VLFDOSUHVHQFHRIWKHSDUWLFLSDQWVDVWKHERG\PRYHV
ZLWKLQWKHVSHFLDOO\FRQVWUXFWHGVWDJHERWKGHILQHVLPSRVHVDQGH[SHULHQFHVUHFHLYHVWKHYDOXHV
RUGHULQJWKHHQYLURQPHQW%HOO7RFODULI\LWLVQRWWKHLQWHQW±WKHDFWLYHGHFLVLRQVPDGHE\WKH
LQGLYLGXDOV±WKDWLQYROYHVWKHPDVSDUWRIWKHULWXDOL]HGSURFHVVEXWUDWKHUWKHSK\VLFDOSUHVHQFHZLWKLQ
WKHULWXDOWKDWGHILQHVSDUWLFLSDQWVDVDJHQWVZLWKLQWKHULWXDO,WLVSDUWLFLSDWLRQLQWKHVHDFWVWKDWIRUPV
VRFLDOLGHQWLWLHVDQGGHILQHVVRFLDOUHODWLRQVDPRQJWKHSDUWLFLSDQWV,QRPDWD7KLVGLVFXVVLRQLV
SDUWLFXODUO\UHOHYDQWLQGLVFXVVLQJQRQKXPDQSDUWLFLSDQWVDVLQWHQWLRQDOLW\FDQQRWEHDVVXPHGLQWKHLU
LQYROYHPHQW+RZHYHUDV,DUJXHKHUHWKHLUSDUWLFLSDWLRQDQGWKHLUSK\VLFDOSUHVHQFHLQWKHULWXDOPDGH
WKHPHVVHQWLDODFWRUVDQGNH\V\PEROVLQWKHGHILQLWLRQRIVRFLDOUHODWLRQVKLSV
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The setting of a ritual performance 
3HUIRUPDQFHWKHRULVWVDUHLQYDULDEO\FRQFHUQHGZLWKWKHVHWWLQJLHWKHPDWHULDOLW\RIVSDFHDQG
DVVRFLDWHGREMHFWVLQZKLFKWKHVHSUDFWLFHVRFFXUUHG'H0DUUDLV'H0DUUDLVHWDO,QRPDWD
7KLVFDQEHWKURXJKH[SOLFLWO\UHIHUHQFLQJSDUWLFXODUODQGVFDSHIHDWXUHVERWKQDWXUDODQGDUWLILFLDO
WKDWHIIHFWLYHO\PDWHULDOL]HVRFLDOLQVWLWXWLRQVEHFDXVHRIWKHLUVFDOHYLVLELOLW\DQGSHUPDQHQFH(DUOH
,QGHHGWKHORQJSUHSDUDWRU\SURFHVVHVRIDULWXDOQHHGWREHLQWHJUDWHGZLWKLQWKHGLVFXVVLRQRID
ULWXDOVSHFWDFOHDQGWKHFUHDWLRQRIWKHULWXDOVSDFH±PRQXPHQWVSOD]DVDQGSDODFHVDQGRWKHUSXEOLF
VSDFHV±ZHUHDQLQWHJUDOSDUWRIWKLVSURFHVV,QRPDWD,QRPDWDDQG&REHQ-R\FH
&RQVLGHUHGSDUWRIWKHULWXDOL]HGVSHFWDFOHWKHFRQVWUXFWLRQRIWKHVHORFDWLRQVZDVDOVRDQHIIHFWLYHPHDQV
RISK\VLFDOO\PDQXIDFWXULQJDQRUGHUHGVSDFHWKDWLVFULWLFDOWRWKHZD\ULWXDOSHUIRUPDQFHVDUH
H[SHULHQFHG,QRPDWDDQG&REHQ7KHVHWWLQJGHILQHVWKHSK\VLFDOSURSHUWLHVDQGWKH
FRPPXQLFDWLYHSRWHQWLDORIWKHSHUIRUPDQFHVXFKDVWKHVFDOHWKHFHQWUDOLW\WKHWUDMHFWRU\URXWHWKH
DFRXVWLFSURSHUWLHVWKHOLJKWLQJWKHYLVLELOLW\DQGWKHSHUPDQHQFH,QRPDWDDQG&REHQ0RRUH
$WWKHVDPHWLPHDVDFRQVWUXFWHGVSDFHLWFDQEHPHDQLQJODGHQRIWHQPDWHULDOL]LQJGRPLQDQW
LGHRORJLHV%URGD'H0DUUDLVHWDO)DVKDQG)DVK6XJL\DPD:KHDWOH\
$VWKHSUHVHQWFDVHGLVFXVVHVWKHUROHRIDQLPDOVLQGHGLFDWRU\FDFKHVHPEHGGHGZLWKLQWKHPRQXPHQWDO
VWUXFWXUHVDW7HRWLKXDFDQ,DUJXHWKDWWKHGHGLFDWRU\ULWXDOVSHUIRUPHGZHUHSDUWRIWKHSURGXFWLRQ
SURFHVVRIFUHDWLQJNH\SODFHVWKDWZHUHHPEHGGHGZLWKLQWKHVRFLDOODQGVFDSHRI7HRWLKXDFDQ,QWKHFDVH
RIWKH0RRQ3\UDPLGGLVFXVVHGEHORZWKHUHLVDGLUHFWUHODWLRQRIDQLPDOVWRWKHGHILQLWLRQRIWKH
PRQXPHQWDVDVDFUHGPRXQWDLQDQalteptlWKDWSURYLGHGDEDVLVIRUVRFLDOFRKHVLRQ
5) Implications of a ritual performance 
 5HWXUQLQJWRWKHLQLWLDOLQWHQWRIGHILQLQJULWXDOVWKHSUHVHQWFDVHRIVWDWHVSRQVRUHGULWXDOVDUH
LQWHUSUHWHGDVWKHSURFHVVE\ZKLFKUHOLJLRXVLGHDVDUHWUDQVIRUPHGLQWRVRFLDODFWLRQVWKURXJK
SHUIRUPDQFHV:KLOHWKLVGHILQLWLRQKLJKOLJKWVWKHLPSRUWDQFHRIULWXDODFWLRQVLQDFFRUGDQFHZLWK
SUDFWLFHWKHRULVWVLWVWLOODOORZVXVWRLQWHUSUHWWKHUHOLJLRXVDVSHFWVRIWKHULWXDODQGWKXVKRZWKHLU
FRQFHSWXDOL]DWLRQVRIWLPHDQGVSDFHDVFRPPXQLFDWHGWKURXJKWKHSHUIRUPDWLYHDFW,DOVRDUJXHWKDWWKH
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SHUIRUPDQFHRIWKHVHDFWLRQVH[SHULHQFHGWKURXJKWKHSK\VLFDOERG\LVWKHPHDQVWKURXJKZKLFK
PHDQLQJVDQGVWUXFWXUHVDUHHPEHGGHGLQWRWKHVRFLRFXOWXUDOODQGVFDSH
$SHUIRUPDWLYHDSSURDFKWRULWXDOUHTXLUHVWKDWDWWHQWLRQEHSDLGWRWKHSURFHVVHVRIHPERGLHGDFWV
PDWHULDODQGVSDWLDOFRQWH[WVDQGLQWHUDFWLRQVEHWZHHQDFWRUVDQGREVHUYHUV,QRPDWD,QYHVWLJDWLQJ
WKHWKHDWULFDOFRPSRQHQWVRIDULWXDOSHUPLWVXQGHUVWDQGLQJWKHFRPPXQLFDWLYHSRWHQWLDOVRIWKH
SHUIRUPDQFHHYDOXDWLQJKRZPHDQLQJVDUHFRQVWUXFWHGDQGDVVHVVLQJWKHHPRWLRQDOLPSDFWRIWKH
SDUWLFLSDQWV,QRPDWDDQG&REHQ,WSD\VSDUWLFXODUDWWHQWLRQWRWKHPDWHULDOL]DWLRQRIWKHERG\
SDUWLFLSDQWVDFWRUVDQGVSDFHSK\VLFDOORFDWLRQVWDJHDVWKHDFWLYHDUHQDVWKDWGHILQHDQGDUHGHILQHG
E\WKHULWXDODFWV$UFKDHRORJLFDOO\SHUIRUPDQFHFDQEHVHHQE\LQYHVWLJDWLQJWKHIRUPFRQWH[WDQG
SURFHVVRIWKHWKHDWULFDOHYHQW7KLVLQFOXGHVWKHIRUPDOSURSHUWLHVRIWKHHYHQWVWKHSK\VLFDODFWRUVRIWKH
SHUIRUPDQFHDQGLWVPDWHULDODQGVRFLDOVHWWLQJV,QRPDWDDQG&REHQ
3HUIRUPDQFHVSDUWLFXODUO\VWDWHOHYHOVSHFWDFOHVZHUHDSDUWLFXODUO\HIILFLHQWPHDQVRI
LQWHJUDWLQJDQGIRUPLQJDFRPPXQLW\WKDWZDVWKHEDFNGURSIRULPSRVLQJDQGQHJRWLDWLQJDV\PPHWULFDO
SRZHUUHODWLRQV,QRPDWD,QRPDWDDQG&REHQ)RUH[DPSOH,QRPDWDKDVVKRZQWKDW
VWDWHVSRQVRUHGPDVVWKHDWULFDOHYHQWVKHOGLQODUJHRSHQSXEOLFVSDFHVZHUHWKHPHFKDQLVPVWKDW
LQWHJUDWHG0D\DFRPPXQLWLHVWKDWDXWKHQWLFDWHGDQGUHLILHGWKHLUFRPPXQLW\DQGWKHLULGHQWLW\FI)DVK
DQG)DVK6LPLODUO\WKHGHGLFDWRU\ULWXDOVWKDWZRXOGKDYHDFFRPSDQLHGWKHFRQVWUXFWLRQRIWKH
PRQXPHQWVDW7HRWLKXDFDQZRXOGKDYHEHHQRQHRIWKHFHQWULIXJDOIRUFHVWKDWOHGWRWKHVXFFHVVRI
7HRWLKXDFDQ¶VKLJKO\GLIIHUHQWLDWHGVRFLDOVWUXFWXUH,QWKHIROORZLQJVHFWLRQV,KLJKOLJKWWZRVSHFLILF
DVSHFWVDERXWULWXDOSHUIRUPDQFHWKHUROHRIVWDWHV\PEROVLQWKHUHLILFDWLRQRISRZHUVWUXFWXUHVDQG
KRZWKHFRQVWUXFWLRQRISODFHZDVSDUWLFXODUO\SHUWLQHQWLQXQGHUVWDQGLQJZKHUHWKHVHV\PEROVDQGDFWRUV
DUHORFDWHGZLWKLQWKHVRFLRFXOWXUDOODQGVFDSH
5LWXDODQG3RZHU7KH&UHDWLRQRI6WDWH6\PEROV
 8QGHUVWRRGDVDQDUHQDIRUWKHFRQVWUXFWLRQDQGWKHFRPPXQLFDWLRQRIVRFLDOERXQGDULHV
ULWXDOL]HGDFWVKDYHEHHQDQHIIHFWLYHSODFHWRH[DPLQHWKHUHODWLRQVKLSVEHWZHHQULWXDODQGSRZHU,QWKH
IXOOUDQJHRIKXQWHUJDWKHUHUIRUDJHUKLHUDUFKLFDODQGVWDWHVRFLHWLHVULWXDOVKDYHEHHQDUJXHGWRVWDELOL]H
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DQGUHLQIRUFHQHZVRFLDOERXQGDULHVVXFKDVWKHULVHRIQHZVRFLRSROLWLFDORUJDQL]DWLRQVLQGLYHUVH
KLVWRULFDOUHJLRQDODQGVRFLDOFRQWH[WVHJ$OGHQGHUIHU)ODG/DQHUL3DUWLFXODUO\
VWDWHOHYHOULWXDOL]HGDFWLYLWLHVKDYHEHHQDUJXHGWREHDFULWLFDOPHDQVIRULQVWLWXWLRQDOL]LQJDQG
HPSRZHULQJWKHVWDWH.HUW]HU,WLVLQWKHVHULWHVWKDWLQVWLWXWLRQDOIDFWVPD\EHEURXJKWLQWREHLQJ
DQGWKHQUHSHDWHGO\DIILUPHGKHOSLQJWRPDLQWDLQVRFLDORUGHU5HQIUHZ5LWXDOHPSRZHUV
WKRVHZKRFRQWUROWKHULWXDOVSHFWDFOH±WKH\FDQGHILQHWKHORJLVWLFVRIDQGZKRFDQSDUWLFLSDWHLQWKH
ULWXDO±JLYLQJWKHPDFFHVVWRHVRWHULFNQRZOHGJHDQGDXWKRULW\%HOO)DVK+HUH,DUJXHWKDW
WKHFRQVWUXFWLRQRIKLJKO\HIIHFWLYHVWDWHV\PEROVWKHPDQLSXODWLRQDQGFRQWURORYHUWKHVHV\PEROVDQG
WKHPDWHULDOL]DWLRQRIVXFKV\PEROVWKDWDUHHPERGLHGDQGH[SHULHQFHGWKURXJKVWDWHULWXDOVSHFWDFOHZHUH
FHQWUDOWRUHLI\LQJDQGOHJLWLPL]LQJWKHVWDWH2QHVXFKFDVHFDQEHDUJXHGIRUWKHXVHRIDQLPDOVDVVWDWH
V\PEROVDQGDUHWKHVXEMHFWRIWKLVGLVVHUWDWLRQ%XWILUVWZHPXVWEHJLQE\GHILQLQJKRZV\PEROVZHUH
FHQWUDOWRWKLVSURFHVVDQGKRZULWXDOVSHFWDFOHVZHUHWKHPHDQVIRUWKHUHLILFDWLRQRIVXFKV\PEROV
.HUW]HUDUJXHVWKDWWKHFUHDWLRQRIV\PEROVLVWKHRQO\ZD\UHOLJLRXVRUJDQL]DWLRQV±
FKXUFKRUVWDWH±FDQEH³VHHQ´EHFRPLQJWKHPHGLXPIRUGUDZLQJVRFLDODIILQLWLHV5LWHVDUHDPHDQVE\
ZKLFKVXFKLPDJHVDUHFUHDWHGPRGLILHGDQGUHLILHGDQGOLQNWKHPWRHPRWLRQDOO\FKDUJHGVRFLDODFWLRQ
ELQGLQJWKHV\PEROVDQGZKDWWKH\UHSUHVHQWWRWKHSHRSOH$WWKHVDPHWLPHULWXDOVDUHEXLOWRXWRIVXFK
V\PEROVWKDWGHILQHWKHLUXQGHUVWDQGLQJRIWKHZRUOG.HUW]HU$VXFFHVVIXOVWDWHULWXDOPDNHVWKLV
EULGJHEHWZHHQWKHVHHPSRZHUHGV\PEROVDQGWKHVWDWHPDNLQJWKHSDUWLFLSDQWVHPERG\WKHQHZO\
FUHDWHGZRUOGRUGHUWKDWLVH[HPSOLILHGE\WKHV\PEROVWKHPVHOYHV
$QHIIHFWLYHV\PEROKDVERWKDVWURQJLGHRORJLFDOEDFNLQJRIWHQGUDZLQJRQWUDGLWLRQDOORQJKHOG
EHOLHIV\VWHPVDQGDQHIIHFWLYHRXWOHWZKHUHE\LWFDQEHPDWHULDOL]HGDQGH[SHULHQFHGPRVW
FRQVSLFXRXVO\LQVWDWHOHYHOULWXDOSHUIRUPDQFHV6XFKV\PEROVGHOLEHUDWHO\OD\RXWWKHLUZRUOGRUGHUDQG
DWWKHVDPHWLPHOLQNWKLVRUGHUWRWKHYDOXHVDQGIRUPVRIWKHSUHVHQWVRFLDORUJDQL]DWLRQ%HOO
,QSDUWLFXODULQWKHULVHRIQHZSROLWLFDOV\VWHPVWKHUXOLQJFODVVXWLOL]HVWUDGLWLRQDOULWXDOIRUPVDQG
V\PEROVWKDWPDNHLWHDVLHUIRUSHUVRQDODIILOLDWLRQVWRGHYHORS.HUW]HU7KLVLVZK\ODWHUODUJH
HPSLUHVRIWHQFRQWLQXHWRGUDZRQWKHJORU\RISDVWFLYLOL]DWLRQVWKURXJKUHXWLOL]LQJVRPHWLPHVUH
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H[FDYDWLQJSRZHUIXOV\PEROV)RUH[DPSOHWKH$]WHFVH[FDYDWHGDQGHPSOR\HGROGDUWLIDFWVDQG
UHSURGXFHGDQFLHQWDUWVW\OHVIRUH[DPSOHLQWKHDUFKLWHFWXUDOVW\OHVGUDZLQJRQWKHFRQFHSWLRQRIDQ
RULJLQIURPWKHJORULILHGXWRSLDQSDVWWKDWZDVPRVWYLYLGO\H[HPSOLILHGDWWKHFHUHPRQLDOFHQWHURI
7HQRFKLWLODQ/ySH]/XMDQHWDO0DWRV0RFWH]XPD,QWKLVPDQQHUVDOLHQWV\PEROVIURP
SDVWFLYLOL]DWLRQVZHUHGUDZQRQWRFUHDWHWKHLPSHULDOLGHRORJLFDOUHJLPH/ySH]/XMDQDQG/ySH]$XVWLQ
0DVWDFKHHWDO
(PSRZHUHGV\PEROVDUHPDWHULDOL]HGWKURXJKWKHULWXDOL]HGSURFHVV,WLVZKHQV\PEROVWDNH
FRQFUHWHSK\VLFDOIRUPWKDWWKH\FDQEHLGHQWLILHGVHHQDQGH[SHULHQFHGDOORZLQJIRUDQLGHRORJ\WR
WDNHRQDSK\VLFDOPDQLIHVWDWLRQ'H0DUUDLVHWDO5REE+RZHYHUVXFKV\PEROVZHUH
UDUHO\PDGHRIDVLQJOHFRQFUHWHVHWRIPHDQLQJVEXWZHUHSRO\YDOHQWIOXLGDQGK\EULGL]HGFUHDWHG
WUDQVIRUPHGDQGPDLQWDLQHGWKURXJKVRFLDODFWLRQV6DKOLQV,QWHUSUHWLQJV\PEROVDVSHUPXWDEOH
HPSKDVL]HVWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHSURFHVVLQZKLFKWKHVHV\PEROVZHUHLQFRUSRUDWHGLQWR
WKHULWXDOL]HGH[SHULHQFHZKLFKFDQRQO\EHDWWDLQHGWKURXJKDFRQWH[WXDODQDO\VLVRIWKHPLFURVFDOH
H[SHULHQFHV5REE$VDUFKDHRORJLVWVZHPXVWDWWHPSWWRUHFRQVWUXFWKRZSDUWLFLSDQWVREVHUYHG
FDPHLQWRFRQWDFWZLWKKHDUGVPHOOHGDQGIHOWWKHSUHVHQFHRIV\PEROV
6XFKV\PEROVFDQEHREMHFWVVXFKDVWKHFURZQRUVXEMHFWVVXFKDVWKH(PSHURURI-DSDQ2QFH
DV\PEROLVPDWHULDOL]HGWKHVHV\PEROLFREMHFWVVXEMHFWVFDQEHDYHVVHOIRUPDQLSXODWLRQDQGFRQWURO
)RJHOLQ)RUH[DPSOHLWLVRQO\ZKHQDIODJWDNHVRQWKHLGHQWLW\RIDQDWLRQWKDWLWFDQEHXVHGWR
GHPRQVWUDWHVRFLDODIILOLDWLRQWKURXJKKDQJLQJLWLQIURQWRIRQH¶VKRXVHRUFDQEHXVHGWRGHPRQVWUDWH
UHYROWE\EXUQLQJLW7KHUHDUHVHYHUDOPHDQVRIPDQLSXODWLQJDQGFRQWUROOLQJV\PEROV2QHRIWKHPLV
WKURXJKFRQWUROOLQJDFFHVVWRWKHV\PERORUUHVWULFWLQJWKHXVHRIVXFKHPSRZHUHGV\PEROV)RJHOLQ
7KHUHLVRQO\RQHFURZQDQGWKDWLVKRXVHGLQWKHUR\DOSDODFHDQGFDQRQO\EHZRUQE\RQH
LQGLYLGXDO$VVXFKPDSSLQJWKHGLVWULEXWLRQRIWKHVHV\PEROLFREMHFWVVXEMHFWVFDQEHHIILFDFLRXVLQDQ
DUFKDHRORJLFDOFDVHVWXG\$QRWKHUIRUPRIFRQWUROLVWKURXJKWKHSK\VLFDOPDQLSXODWLRQRIWKHV\PERO
FKDQJLQJHLWKHUWKHSK\VLFDOSURSHUWLHVRIWKHV\PEROEXUQLQJLWRUWKHUHODWLRQVKLSEHWZHHQWKHV\PERO
DQGWKHLQVWLWXWLRQDODXWKRULW\LQTXHVWLRQRQHV\PEROEHFRPLQJGRPLQDQWVXERUGLQDWHWRWKHRWKHU7KH
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PDQLSXODWLRQRIDPDWHULDOV\PEROFDQWUDQVIRUPWKHPHDQLQJRIWKHVDPHV\PERO)RJHOLQDQGLW
LVWKURXJKREVHUYLQJWKHWUDQVLWLRQLQKRZV\PEROLFREMHFWVVXEMHFWVDUHPDQLSXODWHGWKDWWKHLU
XQGHUO\LQJPHDQLQJPD\EHYLVLEOHLQWKHDUFKDHRORJLFDOUHFRUG
2QFHDV\PEROLVFRQVWUXFWHGLWPXVWEHFRQVWDQWO\DIILUPHGDQGPDLQWDLQHGWKURXJKWKH
SHUIRUPDWLYHDFW,QRPDWDDQG&REHQ,WLVKLJKO\YLVLEOHDEXQGDQWDQGUHFRJQL]DEOHEXWDOVR
KLJKO\UHVWULFWHGWRVSHFLILFFRQWH[WV,QPDQ\FDVHVV\PEROLFPDWHULDOREMHFWVZRXOGUHPDLQDVPHPRU\
UHLQIRUFLQJPHFKDQLVPVLQSHUIRUPDWLYHDFWV)RUH[DPSOHUR\DO0D\DHOLWHFRQVWUXFWHGPRQXPHQWDO
WH[WVQRWRQO\WRKLVWRULFDOO\UHFRUGUR\DOKLVWRU\EXWDOVRDVYLVLEOHPDUNHUVRIWKHULWXDOL]HGDFWLYLWLHV
WKDWWRRNSODFHGXULQJWKHSODFHPHQWFUHDWLRQDQGDFWLYDWLRQRIULWXDOWKLQJVDQGSODFHV6WXDUW
6LPLODUO\WKHHODERUDWHPXUDOSDLQWLQJVDQGVWRQHVFXOSWXUHVIURP7HRWLKXDFDQWKDWUHIHUHQFHWKHVH
V\PEROLFIRUPVPD\EHSRWHQWLDODUFKDHRORJLFDOLQGLFDWRUVIRUKRZWKHVHHPSRZHUHGV\PEROVZHUH
YLHZHGE\WKHSXEOLF
$V5REEULJKWO\SRLQWVRXWZHFDQ¶WKDYHD³5RVHWWD6WRQHYLHZRIILJXULQJRXW
PHDQLQJ´WKHUHLVQRVLPSOHPHWKRGRORJ\WRFRGHEUHDNHYHU\V\PERO+RZHYHUWKHUHDUHVSHFLILF
H[SHULHQFHVSURFHVVHVWKDWDUHHDVLHUWRUHFRQVWUXFWDUFKDHRORJLFDOO\WKDQRWKHUVDQGSURYLGHDJRRG
VWDUWLQJSRLQWWRDVNWKHDSSURSULDWHTXHVWLRQV7REHJLQV\PEROVDUHFRQVWUXFWHGLQWKHVDPHZD\WKHLU
PDWHULDOFRUUHODWHVPXVWEHSURGXFHG2QHZD\WRLQYHVWLJDWHKRZGRPLQDQWV\PEROVDUHFRQVWUXFWHGLV
WKURXJKUHSURGXFLQJWKHSURGXFWLRQSURFHVVHVRIWKHV\PEROLFREMHFWVVXEMHFWVWKHPVHOYHV7KH
SURGXFWLRQRIWKHVHPDWHULDOVDUHWKHPVHOYHVRIWHQORDGHGZLWKLGHRORJLFDOPHDQLQJ)ODGDQG+UXE\
+UXE\,QRPDWD0F$QDQ\DQG:HOOVDQGXQWDQJOLQJWKHZD\SHRSOHSURGXFHDQG
LQWHUDFWZLWKWKHVHV\PEROLFREMHFWVVXEMHFWVLVDQHIIHFWLYHSODFHWREHJLQ7ZRDVSHFWVRIWKHSURGXFWLRQ
RIV\PEROVDUHDQDO\]HGLQWKHSUHVHQWFDVH)LUVW,H[DPLQHWKHUROHWKDWWKHGHGLFDWRU\ULWXDOVSOD\HGLQ
WKHFRQVWUXFWLRQRIPHDQLQJODGHQPRQXPHQWV7KHQ,IRFXVRQKRZWKHLGHQWLW\RIRQHRIWKH
SDUWLFLSDQWVLQRIIHUWRU\VSHFWDFOHV²WKHDQLPDOVXWLOL]HGLQWKHVHFDFKHV²ZDVIRUPXODWHGWKURXJK
UHFRQVWUXFWLQJWKHOLIHKLVWRULHVDQGWKHSK\VLFDOH[SHULHQFHVRIWKHDQLPDOV

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5LWXDO6SDFHV7KH3URGXFWLRQRI3ODFH
,WLVDSSDUHQWWKDWWKHFHUHPRQLDOODQGVFDSHDW7HRWLKXDFDQZDVDPDWHULDOL]DWLRQRIWKHEXLOGHUV¶
FRVPRJUDPHQFRGLQJWKHLUFRQFHSWLRQVRIWLPHKLVWRU\DQGZRUOGRUGHUPRVWFRQVSLFXRXVO\LQWKH
PRQXPHQWDOVWUXFWXUHV/ySH]$XVWLQHWDOâSUDMF6XJL\DPD6XFKDSRZHUIXOVWDWH
LGHRORJ\JUDSKLFDOO\PDWHULDOL]HGLQWRWKHFHUHPRQLDOODQGVFDSHLVVDLGWREHRQHRIWKHPDLQGULYHUVIRU
7HRWLKXDFDQ¶VH[SDQVLRQLQWRRQHRIWKHODUJHVWPHWURSROLWDQFHQWHUVRILWVWLPH&RZJLOO6XJL\DPD
7KXVSD\LQJSDUWLFXODUDWWHQWLRQWRKRZWKHVHLGHRORJLFDOO\FKDUJHGPRQXPHQWV±FHQWUDOWRWKH
FRQFUHWLRQRIVWDWHLGHRORJ\±ZHUHFRQVWUXFWHGLVFULWLFDOIRUXQGHUVWDQGLQJZKDWPDGHWKLVFHUHPRQLDO
FHQWHUVRHIIHFWLYH,QWKLVGLVVHUWDWLRQ,DWWHPSWWRYLHZWKHWKHDWULFDOHYHQWPDUNHGE\WKHGHGLFDWRU\
FDFKHVDVSDUWRIWKHULWXDOL]HGSURGXFWLRQRISODFHDQLPDWLQJWKHPRQXPHQWZLWKLQLWVFRPSOH[
VRFLRSROLWLFDOODQGVFDSH,QRUGHUWRH[SODLQWKLVSURFHVV,PXVWILUVWGHILQHSODFHH[SODLQKRZULWXDOL]HG
SURGXFWLRQLVDQHIIHFWLYHZD\WRH[DPLQHKRZSODFHVDUHIRUPXODWHGDQGGLVFXVVKRZWKHSHUIRUPDQFHRI
GHGLFDWLRQULWXDOVZRXOGKDYHEHHQFHQWUDOWRWKHSURGXFWLRQRIDPRQXPHQWDVDSODFH7KH0RRQ
3\UDPLGLVXVHGDVWKHFDVHVWXG\IRUWKLVDQDO\VLV
Defining ritualized places 
,QWKHSUHVHQWDQDO\VLVSODFHVXQOLNHPHUHORFDWLRQVDUHHQGRZHGZLWKYDOXHDQGVLJQLILFDQFH
VLWXDWHGZLWKLQWKHFRPSOH[VRFLRSROLWLFDOODQGVFDSHWKURXJKKLVWRULFDOO\FRQWLQJHQWSURFHVV&DUUDVFR
D.QDSSDQG$VKPRUH0F$QDQ\6PLWKE3ODFHVGLIIHUIURPORFDWLRQVWKDWDUH
YRLGRIWKHVSHFLILFFRQWH[WXDOSURFHVVHVDQGPHDQLQJVDWWULEXWHGWRDSODFH$VSDUWRIWKHHQFXOWXUHG
ODQGVFDSHSODFHVFRQYH\KRZVXEMHFWLYHKXPDQH[SHULHQFHVWUDQVIRUPHGWKHODQGLQWRDQHVWHGZHERI
PHDQLQJVWKDWEHFRPHVWKHFDQYDVIRUVSDFHDQGSODFHWREHFRQVWLWXWHGZLWKLQWKHVRFLDODQGFXOWXUDO
KLVWRULHVWKDWFRQVWUXFWSROLWLFDOODQGVFDSHV6PLWK0XFKRIWKHUHVHDUFKFRQFHUQLQJODQGVFDSHV
WKDWH[DPLQHFLW\SODQQLQJXUEDQL]DWLRQDQGDUFKLWHFWXUHKDVEHHQLQWHUSUHWHGDVDVDFUHGJHRJUDSK\WKDW
RUJDQL]HGWKHVRFLDOSROLWLFDORUGHUWKURXJKWKHPDWHULDOL]DWLRQRIWKHFRVPRORJLFRUGHU$VKPRUHDQG
6DEORII%HUQDO*DUFLD%UDG\DQG$VKPRUH%URGD)DVKDQG/ySH]/XMiQ
5HHVH7D\ORUHWDO9RJW:KHDWOH\7KH\LGHQWLI\NH\SODFHVRQWKHODQGVFDSHWKDW
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PDNHWKHPKLVWRULFDOO\FRQWLQJHQWUHFRUGLQJSROLWLFDOHVSHFLDOO\G\QDVWLFKLVWRULHVDQGZKLFKDUH
PHDQLQJODGHQDQGOLQNHGWRVRFLDOLGHQWLWLHV$VKPRUHDQG6DEORII%URGD)DVK)DVK
DQG)DVK+RXVWRQ0F$QDQ\7KH\UHSOLFDWHWKHFRVPRVDOLJQLQJPRQXPHQWVWR
VSHFLILFDVWURQRPLFDODOLJQPHQWV$YHQLDQG+DUWXQJâSUDMFDQGHYHQWKHGLPHQVLRQVRI
WKHVHPRQXPHQWVFDQEHHPEHGGHGZLWKKLJKO\VLJQLILFDQWQXPHULFDOFXHV&ODUN6XJL\DPD
7KH\DOVRUHIHUHQFHFHQWUDOP\WKRORJLHVWKDWHQFRGHVRFLDOQRUPVDQGXQGHUO\LQJVWUXFWXUHVDQGDUHDSWWR
EHUHFRXQWHGDQGUHPHPEHUHGSK\VLFDOO\WKURXJKWKHWKHDWULFDOUHHQDFWPHQWVDWWKHVHORFDWLRQV%DVVR
(OLDGH0DWRV0RFWH]XPD7RZQVHQG)RUH[DPSOHWKH+XLW]LORSRFKWOLWHPSOH
RQHRIWKHWZLQWHPSOHVDWWKHFHUHPRQLDOFHQWHUDW7HQRFKLWLWODQLVLQWHUSUHWHGDVDUHSOLFDWLRQRIWKH
P\WKLFDOPRXQWDLQRI&RDWHSHFZKHUHWKLVSDWURQJRGZDVERUQ&DUUDVFR7RZQVHQG,QWKH
P\WKVLWZDVDWWKLVPRXQWDLQWKDWKHVSUDQJIURPWKHZRPERIKLVPRWKHUDQGWKHQIHURFLRXVO\VDFULILFHG
PDQ\JRGVLQFOXGLQJKLVVLVWHU&R\RO[DXKTXLDVKLVILUVWDFWRIOLIH,WLVIURPWKLVP\WKLFDOPRXQWDLQ
WKDWVDFULILFLDOYLFWLPVDUHVDLGWREHVODLQDQGWRVVHGGRZQWKHWHPSOHVWHSVLQWKHVDPHPDQQHUWKDW
&R\RO[DXKTXLPHWKHUIDWH'XUiQ0DWRV0RFWH]XPD,WLVWKHP\WKLFDOUHWULHYDOUHFRXQWLQJ
WKHDSRFDO\SWLFEHJLQQLQJWKDWDFFRUGLQJO\IXHOHGWKH$]WHFVDFULILFLDOFHUHPRQLHVIRUUHJDLQLQJRUGHU
SODFHDQGVWDELOLW\ZKLFKIXHOHGWKHLPSHULDOLVWLFVWDWH&DUUDVFR
7DNHQLQWKLVPDQQHUODQGVFDSHVPXVWEHLGHQWLILHGDVFRQVLVWLQJRIQHVWHGSODFHVHPERG\LQJ
WLPHLGHQWLWLHVHYHQWVDQGDFWLRQVDWYDU\LQJVFDOHV+LUVFKDQG2
+DQORQ.QDSSDQG$VKPRUH
7KH\PXVWEHDQDO\]HGDVOD\HUHGFRQFHSWXDOWRSRJUDSKLHVLQFOXGLQJWKHLUSROLWLFDOHFRQRPLF
LGHRORJLFDODQGQDWXUDOWRSRJUDSKLHVWKDWJHQHUDWHDFRPSOH[JHRJUDSKLFKHWHUDUFK\)ODGDQG&KHQ
$VDEXLOWHQYLURQPHQWFXOWXUDOODQGVFDSHVRUJDQL]HVSDFHWLPHPHDQLQJDQGFRPPXQLFDWLRQ5DSRSRUW
6PLWK7KHUHKDVEHHQDJURZLQJLQWHUHVWLQWKHLQWHUSUHWDWLRQRISODFHVSDUWLFXODUO\DV
G\QDPLFHQWLWLHVWKDWVHUYHVDVPHGLXPVUDWKHUWKDQFRQWDLQHUVIRUDFWLRQ7LOOH\,QGLVFXVVLQJWKH
0HVROLWKLF1HROLWKLFPRQXPHQWV7LOOH\WUDFHVWKHWUDQVIRUPDWLRQRIHQFXOWXUHGODQGVFDSHZKHQ
0HJDOLWKVZHUHFRQVWUXFWHGDVDQLQGLFDWRURIKRZVLJQLILFDQFHRISODFHZDVXQGHUVWRRG±IURPWKH
PRQXPHQWEHLQJVHWLQWKHODQGVFDSHWRWKHODQGVFDSHEHLQJWKHVHWWLQJRIWKHPRQXPHQWV
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7KHUHDUHVHYHUDOZD\VWKDWSODFHVEHFRPHHQGRZHGZLWKPHDQLQJ7KHVHLQFOXGHWKURXJKWKHLU
FUHDWLRQPDLQWHQDQFHWUDQVIRUPDWLRQDQGGHVWUXFWLRQ(DFKRIWKHVHSURFHVVHVLVPDUNHGE\LQGLYLGXDO
DFWLRQVE\WKHHYHQWVDQGDFWLYLWLHVWKDWVHUYHWR³WDNHSODFH´RFFXUUHQFHPDLQWHQDQFH.\ULDNLGLV
D6PLWKE³FKDQJHSODFH´WUDQVIRUPDWLRQ&DUUDVFRDDQG³PDNHSODFH´SURGXFWLRQ
%UFNDQG*RRGPDQ$VDIRUPRIVRFLDODFWLRQDQGSURGXFWLRQWKH\WRRDUHDPHQDEOHWRWKH
VRFLDOSURFHVVHVGLVFXVVHGLQWKHSUHVHQWFDVHRIDULWXDOSHUIRUPDQFH
7KHOLQNEHWZHHQSODFHVDQGULWXDOL]HGSHUIRUPDQFHVLVDSSDUHQWDVWKHVSHFWDFOHVZRXOGKDYH
FRQFUHWL]HGWKHVLJQLILFDQFHRIWKHEXLOWHQYLURQPHQWZLWKLQWKHVRFLDOPHPRULHVRIWKHSDUWLFLSDQWV
.\ULDNLGLVD$WWKHVDPHWLPHWKHULWXDOSHUIRUPDQFHVUHQHZHYHQWUDQVIRUPWKHFRJQLWLYHVSDFH
ZLWKLQWKHPHPRULHVRIWKHSDUWLFLSDQWVDVSODFHVDUHFUHDWHGPDLQWDLQHGWUDQVIRUPHGDQGGHVWUR\HG7KH
SK\VLFDOLW\RISODFH²LWVVL]HORFDWLRQRULHQWDWLRQDFRXVWLFVYLVLELOLW\²FRQWULEXWHVWRWKHH[SHULHQFHV
WKDWUHIOHFWWKHLQWHQWLRQVDQGLGHDVRIWKHFUHDWRUV,QRPDWD,QRPDWDDQG&REHQ0RRUH
,WLVWKHFRQFUHWHSURSHUWLHVRIWKHSODFHWKDWZRXOGKDYHGHILQHGWKHVRFLDOUHODWLRQVRIWKHSDUWLFLSDQWV
%UDGOH\7KXVWKHSK\VLFDOLW\RIWKHVSDFHWDQJLEOHLQWKHDUFKDHRORJLFDOUHFRUGFDQOHDGWR
IUXLWIXOLQWHUSUHWDWLRQVRIWKHPHDQLQJVDQGLQWHQWLRQVRIWKHGRPLQDQWLGHRORJ\,QWKHSUHVHQWFDVH,
H[SORUHRQHW\SHRISODFH²PRQXPHQWV²DQGORRNDWRQHW\SHRIULWXDOL]HGSHUIRUPDQFH²GHGLFDWRU\
ULWXDOV²WRXQGHUVWDQGWKHULWXDOL]HGSURGXFWLRQDQGPDLQWHQDQFHRIPRQXPHQWVDVVDFUHGSODFHVDW
7HRWLKXDFDQ
Ritualized production and monumentality 
,QWHUSUHWHGDVSDUWRIWKHULWXDOL]HGSURFHVVFUHDWLQJWKHVWDJHZDVHVVHQWLDOWRRULHQWZKDWZDVD
IRXQGDWLRQIRU7HRWLKXDFDQ¶VKLJKO\VXFFHVVIXOLGHRORJLFDOUHJLPH&HQWUDOWRWKLVODQGVFDSHZHUHWKH
PRQXPHQWDOVWUXFWXUHVWKDWYLYLGO\GRPLQDWHGWKHODQGVFDSHDVNH\V\PEROVRIVWDWHLPSHULDOLVPDQG
GRPLQDWLRQ0RQXPHQWVDUHSDUWLFXODUO\HIIHFWLYHLQH[SUHVVLQJXQDPELJXRXVPHVVDJHVRIDXWKRULW\DQG
SRZHUDQGDVDFRUHIHDWXUHLQRULHQWLQJWKHLUEXLOGHUV¶FRVPRORJLFDORUGHUDQGVRFLDOLGHQWLW\'H0DUUDLV
HWDO)DVKDQG)DVK)DVKHWDO/ySH]$XVWLQDQG/ySH]/XMiQ0RRUH
6XJL\DPDHWDOE)XUWKHUPRUHFHQWUDOS\UDPLGDOVWUXFWXUHVDUHGHILQHGE\WKHLUPRQXPHQWDOLW\
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PDNLQJWKHPYLYLGDFWLYHDQGGRPLQDWLQJRYHUWKHlongue duréeWUDQVIRUPDWLYHZLWKLQWKHVRFLRSROLWLFDO
ODQGVFDSHRIWKHWLPH)DVK6XJL\DPDHWDOE7KH\RIWHQVHUYHGDVWKHaxis mundiWKHFRUH
RIWKHHQFXOWXUHGODQGVFDSHWKDWYHQHUDWHGSRZHUIXODQFHVWRUVDQGVWRRGDVWKHPHHWLQJSODFHEHWZHHQ
GLIIHUHQWFRVPLFOD\HUV&DUUDVFR(OLDGH)UHLGHODQG6FKHOH/ySH]$XVWLQDQG/ySH]
/XMiQ0F$QDQ\:KHDWOH\7KHFHUHPRQLDOFHQWHUPRVWYLYLGO\FKDUDFWHUL]HGE\WKHVH
PRQXPHQWVZRXOGKDYHEHHQWKHVWDJHVLQZKLFKULWXDOL]HGSHUIRUPDQFHVZRXOGKDYHFRQWLQXRXVO\EHHQ
FRQGXFWHGWRFRQVWUXFWPDLQWDLQDQGWUDQVIRUPWKHPHDQLQJVRIWKHVHSODFHV0RQXPHQWVDUH³WKH
UHPDLQVRIVRFLDOH[SHULHQFHDQGVRFLDOVWUDWHJLHV´:ULJKW7KLVLVZK\LQYHVWLJDWLQJWKH
SURGXFWLRQRIPRQXPHQWVLVDSDUWLFXODUO\HIIHFWLYHPHDQVRIXQWDQJOLQJWKHXQGHUO\LQJLQWHQWLRQVRIWKH
VWUXFWXUHDVZHOODVKRZWKHVRFLRSROLWLFDOODQGVFDSHFKDQJHGRYHUWLPH
7KHILUVWTXHVWLRQWRUHVROYHLVKRZDPRQXPHQWLVSURGXFHG7KLVLQFOXGHVQRWRQO\WKHSK\VLFDO
SURSHUWLHVRIWKHEXLOGLQJSURMHFWVXFKDVWKHSURFXUHPHQWRIUHVRXUFHVDQGWKHRUJDQL]DWLRQRIODERU
0XUDNDPLEXWXQGHUVWDQGLQJWKHULWXDOL]HGSURGXFWLRQRIDPRQXPHQW7KLVSURGXFWLRQVHTXHQFH
LQFOXGHVDFWLRQVQRWUHODWHGWRWKH³EDVLFQHFHVVLWLHV´RISURGXFWLRQ+UXE\VXFKDVPDJLF
FKDQWVSUD\HUVGDQFHVIHDVWVVDFULILFHVDQGRWKHUSHUIRUPDWLYHDFWVWKDWGRQRWLQFUHDVHWKHHIILFDF\RU
WKHDHVWKHWLFVRIWKHILQDOSURGXFW7KLVLQFOXGHVDFRPSOH[SURFHVVRIVDQFWLILHGDFWLRQVWKDWIROORZHGD
VHULHVRIUXOHVDQGUHJXODWLRQVWKDWZHUHEHOLHYHGWROHDGWRWKHVXFFHVVRILWVSURGXFWLRQ)RUH[DPSOH
LQWHUSUHWLQJWKH$IULFDQPHWDOVPHOWLQJWHFKQRORJ\LQ0DODZLKDGWRLQFOXGHWKHSUDFWLFHVRIXVLQJ
³PDJLF´QRWGLUHFWO\OLQNHGWRWKHSK\VLFDOSURSHUWLHVRIWKHPHWDORUVPHOWLQJSURFHGXUHVEXWWKDWZHUH
FXOWXUDOO\UHJDUGHGDVHVVHQWLDOWRWKHVXFFHVVRIDVPHOWLQJHSLVRGHYDQGHU0HUZHDQG$YHU\
7KXVZHPXVWILUVWXQGHUVWDQGZKDWWKHULWXDOL]HGSURGXFWLRQSURFHVVRIPRQXPHQWV
HQFRPSDVVHGNHHSLQJLQPLQGWKDWFRQFHSWXDOL]LQJPRQXPHQWVDQGSURGXFWLRQZHUHYHU\GLIIHUHQWLQ
$PHULQGLDQVRFLHWLHV$VZDVWKHFDVHIRUDQLPDOVGLVFXVVHGEHORZ$PHULQGLDQVRFLHWLHVSHUFHLYHG
SDODFHVWHPSOHVPRQXPHQWVDQGRWKHUDUFKLWHFWXUDOIHDWXUHVDVDQLPDWHEHLQJV0RFN$VVXFK
GHGLFDWLRQULWXDOVZHUHUHTXLUHGWRDQLPDWHDVWUXFWXUHPDNLQJLWVDIHWRLQKDELWRUXVHDQGWHUPLQDWLRQ
ULWXDOVZHUHHPSOR\HGWRGHDQLPDWHDQGGLVFDUGRQHIURPXVH)UHLGHODQG6FKHOH-R\FH
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0DUFXVDQG)ODQQHU\0RQDJKDQ6WURVV9RJW)RUH[DPSOH9RJW
GHVFULEHVKRZWKHFRQVWUXFWLRQRIDQHZWKDWFKHGURRIZDWWOHDQGGDXEKRXVHDW=LQDFDWiQUHTXLUHGWKH
SHUIRUPDQFHRIWZRULWHVWKH³ELQGLQJRIWKHKHDGDQGURRI´hol chukDQG³KRO\FDQGOH´$VVXFKWKH
ULWXDOL]HGSURGXFWLRQRIDUFKLWHFWXUDOIHDWXUHVHQFRPSDVVHGDQH[WUHPHO\FRPSOH[VHWRIDFWLRQVWKDW
LQDXJXUDWHGWKLVVWUXFWXUHVXFKDVDULWXDOPHDODQLPDOVDFULILFHGHGLFDWLRQULWXDOVDQGYDULRXVRWKHU
SHUIRUPDWLYHDFWVSUD\HUVPXVLFDQGSURFHVVLRQV(SLJUDSKLFHYLGHQFHIURPWKH0D\DUHJLRQDOVR
SURYLGHVDQRWKHUOLQHRIHYLGHQFHFRQFHUQLQJKRZVWUXFWXUHVZHUHDQLPDWHG,QIDFWPRVWHSLJUDSKLFWH[WV
LQWKH0D\DUHJLRQVHUYHGDGHGLFDWRU\IXQFWLRQ6WXDUW)RUH[DPSOHWKHSDQHORI6WUXFWXUH
IURP<D[FKLOiQUHFRUGVWKHULWXDODFWLYDWLRQRI/DG\;RRN¶VVWUXFWXUHWKURXJKULWXDODFWLYDWLRQYLDD
GHGLFDWLRQFHUHPRQ\NQRZQDVoch-k’ak’0F$QDQ\3ODQN
,QWKHFDVHRIFRQVWUXFWLQJDPRQXPHQWOLNHWKH0RRQ3\UDPLGDUFKDHRORJLFDOGDWDGHPRQVWUDWH
FRQFOXVLYHO\WKDWGHGLFDWLRQULWXDOVZHUHDQLQWHJUDOSDUWRILWVVDQFWLILHGSURGXFWLRQ'HGLFDWLRQULWXDOV
ZHUHFRQGXFWHGDWYDU\LQJVWDJHVRIFRQVWUXFWLRQIRUGLYHUVHDUFKLWHFWXUDOIHDWXUHVLQFOXGLQJGRPHVWLF
VWUXFWXUHVPRQXPHQWVSOD]DVVWHODHDQGEHQFKHV%DOOLQJHUDQG6WRPSHU)DVK)UHLGHODQG
6FKHOH/ySH]/XMiQE0RQDJKDQ6WURVV9RJW7KHRIIHULQJFDFKH
EHFDPHWKH³KHDUW´HQVRXOHGDQGIHGWKURXJKEORRGDQLPDODQGRUKXPDQVDFULILFHWKDWDQLPDWHGWKH
VWUXFWXUH%URGD/ySH]/XMiQE6WURVVRUDVDZD\RIPDLQWDLQLQJDQDPLDEOH
UHODWLRQVKLSZLWKWKHDQLPDWHVWUXFWXUH%URZQDQG(PHU\7KLVPD\EHZK\GXULQJWHUPLQDWLRQ
ULWXDOVWKHVHFDFKHVDUHFHUHPRQLRXVO\³GHKHDUWHG´RUGHDQLPDWHG-R\FH6WURVV)RRWQRWH
6XJL\DPDE,QVXFKFDVHVRQHPD\ILQGHYLGHQFHIRUH[WHQVLYHORRWLQJDFWLYLWLHVWKDWWRRNSODFH
XSRQDEDQGRQPHQWDVZDVIRXQGLQWKHFDVHRIWKH)HDWKHUHG6HUSHQW3\UDPLGH[FDYDWLRQV6XJL\DPD
ERUWKDWPDWHULDOREMHFWVDUHIRXQGULWXDOO\³NLOOHG´DQGEURNHQ-R\FH
0RQDJKDQSD\VSDUWLFXODUDWWHQWLRQWRGHGLFDWLRQFHUHPRQLHVDVDQH[DPSOHRI
SURGXFWLRQWKDWDOORZVXVWRFRQFHSWXDOL]HWKHULWHVDQGSUDFWLFHVDVSDUWDNLQJLQWKHFUHDWLRQDQG
PDLQWHQDQFHRIWKHFRQGLWLRQVRIWKHLUH[LVWHQFHZLWKRXWLVRODWLQJWKHVHDVDSKHQRPHQRORJLFDOO\GLVWLQFW
DFWLYLW\,DJUHHZLWK0RQDJKDQ¶VXVHRISURGXFWLRQLQXQGHUVWDQGLQJGHGLFDWLRQULWXDOVEXWDGG
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WKDWZHVKRXOGFRQFHSWXDOL]HWKHPZLWKLQWKHSURFHVVRIULWXDOL]HGSURGXFWLRQRISODFHRIWKHVLJQLILFDQFH
RIWKHEXLOWHQYLURQPHQWWKDWPXVWEHDQLPDWHGE\WKHVHDFWV
7KHDVVRFLDWLRQRIULWXDOL]HGSURGXFWLRQWRVWUDWHJLHVRISRZHUDQGFRQWUROLVDSSDUHQW&HUWDLQO\
WKHUHDUHOHYHOVRIHVRWHULFNQRZOHGJHWKDWPXVWEHFRGHGWKURXJKWKHULWXDOL]HGDFWLRQVE\WKHULWXDO
SUDFWLWLRQHUDQGWKRVHZKRRYHUVHHLWVSURGXFWLRQZKLOHWKHVHDFWVPXVWEHGHFRGHGE\WKHSDUWLFLSDQWV
7KHVHSDUWLFLSDQWVLQFOXGHLQGLYLGXDOVWKDWDUHLQYROYHGLQLWVSURGXFWLRQDUFKLWHFWVHQJLQHHUVULWXDO
VSHFLDOLVWVVWDWHSHUVRQQHOHWFWKRVHDVVRFLDWHGZLWKWKHULWXDODFWVGXULQJWKHSURGXFWLRQZKRPD\RU
PD\QRWEHWKHVDPHDVWKHSURGXFHUVVDFULILFHGLQGLYLGXDOVSHUIRUPHUVVXFKDVPXVLFLDQVREVHUYHUV
DQGWKHSHRSOHZKRSDUWLFLSDWHLQWKHRQJRLQJPDLQWHQDQFHRIWKLVSODFHWKURXJKLQWHUDFWLQJZLWKDQG
HPERG\LQJWKHSODFHWKURXJKLWVXVH,WLVWKURXJKWKHVHFRPSOH[ULWXDOL]HGDFWLRQVWKDWDVRFLDOGLVWDQFHLV
FUHDWHGWKURXJKGLIIHUHQWLDWHGDFFHVVWRWKHHVRWHULFNQRZOHGJHRUWRHPSRZHUHGV\PEROVZKLFKDOORZV
LQGLYLGXDOVRUJURXSVWRH[SUHVVSROLWLFDOGRPLQDWLRQDQGOHJLWLPL]HWKHLGHRORJ\RIWKHGRPLQDQWJURXS
+UXE\,QRPDWD0F$QDQ\6PLWK7KHIROORZLQJVHFWLRQXWLOL]HVWKH0RRQ
3\UDPLGDVDQH[DPSOHWRXQGHUVWDQGLWVSODFHRQWKHODQGVFDSHDQGKRZDFFHVVWRHPSRZHUHGDQLPDOV
ZDVHVVHQWLDOLQWKLVSURGXFWLRQSURFHVV
Making places: the production of the Moon Pyramid 
$WWKH0RRQ3\UDPLGZHILQGWKDWDIWHUWKHWKFRQVWUXFWLRQVHTXHQFHHDFKPDMRUUHEXLOGLQJ
SKDVHZDVDFFRPSDQLHGE\WKHGHSRVLWLRQRIDQRIIHULQJFKDPEHU&KDSWHU7KHVHRIIHULQJFKDPEHUV
ZHUHSUREDEO\WKHPHDQVE\ZKLFKWKHPRQXPHQWZDVDQLPDWHG,QWKLVVHFWLRQZHFRQFHQWUDWHRQWKH
GHGLFDWRU\ULWXDOVDVSDUWRIWKHULWXDOL]HGSURGXFWLRQRISODFHSDUWLFXODUO\IRFXVLQJRQRQHRIWKH
DFWRUVDQLPDOV,DUJXHWKDWWKHDQLPDOVWKDWSDUWLFLSDWHGLQWKHULWXDOL]HGSHUIRUPDQFHZHUHFHQWUDOWRWKH
FRQVWUXFWLRQRIWKH0RRQ3\UDPLGDVDSODFH,QWKLVVHFWLRQ,JLYHDEULHIRYHUYLHZRIWKHFRQQHFWLRQ
EHWZHHQS\UDPLGDOPRQXPHQWVDQGPRXQWDLQVDQGEHJLQWRH[DPLQHZKDWWKHFRQQHFWLRQEHWZHHQ
PRXQWDLQVS\UDPLGVDQGDQLPDOVDUHLQRUGHUWRGHPRQVWUDWHZK\DQLPDOVZRXOGKDYHEHHQNH\V\PEROV
LQWKHFRQVWUXFWLRQRIWKHPRQXPHQWDVDQaltepetl
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 (YHU\WKLQJDERXWWKHEXLOWHQYLURQPHQWSDUWLFXODUO\DWWKHFHUHPRQLDOFRUHZDVLQWHQWLRQDOO\
GHVLJQHGWROLQNWKHQDWXUDOODQGVFDSHWRWKHHQFXOWXUHGODQGVFDSH5XOHUVZRXOGSRVLWLRQWKHEXLOW
HQYLURQPHQW²SDODFHVWUXFWXUHVPRQXPHQWVDOWDUVDQGWHPSOHVʊLQUHODWLRQWRLPSRUWDQWQDWXUDO
IHDWXUHVVXFKDVFDYHVPRXQWDLQVDQGZDWHUVRXUFHV%UDG\DQG$VKPRUH)RUH[DPSOHDW'RV
3LODVWKUHHRIWKHODUJHVWSXEOLFDUFKLWHFWXUDOFRPSOH[HVZHUHVWUDWHJLFDOO\EXLOWLQFORVHSUR[LPLW\WR
FDYHVOLQNLQJWKHLUDXWKRULW\WRZDWHUVRXUFHV%UDG\DQG$VKPRUH$W7HRWLKXDFDQLWKDVEHHQ
DUJXHGWKDWWKHSODFHPHQWRIWKH0RRQ3\UDPLGZDVLQWHQWLRQDOO\DOLJQHGWRWKH&HUUR*RUGRPRXQWDLQ
WKDWORRPVGLUHFWO\RYHUWKHPRQXPHQW.RZDOVNL7REULQHU
 7KHFRQQHFWLRQEHWZHHQWKH&HUUR*RUGRPRXQWDLQDQGWKH0RRQ3\UDPLGLVQRWVXUSULVLQJDV
S\UDPLGVZHUHRIWHQFRQFHSWXDOL]HGDVDUWLILFLDOPRXQWDLQVWKURXJKRXW0HVRDPHULFD%HUQDO*DUFLD
7RZQVHQG9RJW(WKQRKLVWRULFDOGRFXPHQWVH[SODLQWKDWWKHQDWLYHV
FRQFHSWXDOL]HGS\UDPLGVVXFKDVWKHODUJHVWPRQXPHQWLQWKH1HZ:RUOGIRXQGDW&KROXODDV
³PRXQWDLQVPDGHE\KDQG´6HOHU6RZK\ZHUHPRXQWDLQVVRLPSRUWDQWWKDWWKH\KDGWR
UHSOLFDWHWKHVHIHDWXUHVDWWKHFRUHRIWKHLUFLW\"
 0RXQWDLQVDUHFRQVLGHUHGVDFUHGHQWLWLHVDQGSRUWDOVEHWZHHQWKHHDUWKDQGVN\DVZHOODVWKH
JDWHZD\IRUWKHHQWUDQFHLQWRWKHXQGHUZRUOGLQ0HVRDPHULFD%UDG\DQG$VKPRUH/ySH]$XVWLQ
DQG/ySH]/XMiQ7RZQVHQG9RJWDQG6WXDUW7KH\DUHDQD[LVIURPZKLFKFHOHVWLDO
IRUFHVDQGSULPRUGLDOZDWHUVRIWKHXQGHUZRUOGFDQEHDFFHVVHG&DUUDVFR7KHVHVDFUHG
PRXQWDLQVVWRUHYLWDOOLIHVRXUFHVZDWHULVNHSWDQGLVZK\VSULQJVDQGULYHUVDUHIRXQGDWWKHIRRWRI
PRXQWDLQV%HUQDO*DUFLD6DKDJ~Q9RO,,,7REULQHU7KH$]WHFVZRXOG
RIWHQGHSLFWDKLOOZLWKDFDYHUQRUERZOIXOORIZDWHU%HUQDO*DUFLD6DKDJ~Q9RO,,,
VXJJHVWLQJDOLWHUDOLQWHUSUHWDWLRQRIWKHQDWXUDOSKHQRPHQRQRIWKHRULJLQRIZDWHUVRXUFHVUDLQ
FORXGVULYHUVDQGVSULQJUHVLGLQJLQWKHPRXQWDLQ%URGD$PXUDOSDLQWLQJVDW7HSDQWLWODLQ
7HRWLKXDFDQGHSLFWLQJDEHOOVKDSHGKLOOZLWKZDWHULQVLGHRUJXVKLQJRXWRILWIURPDFDYHRSHQLQJ
GHPRQVWUDWHVWKLVVWURQJOLQNEHWZHHQZDWHUPRXQWDLQDQGFDYH.RZDOVNL7REULQHU$VD
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OLIHJLYLQJVRXUFHPRXQWDLQVZHUH³DOLYH´HQGRZHGZLWKVSULWWKURXJKWKHDFWLRQVRIGLYLQHNLQJVDQG
ULWXDOL]HGSHUIRUPDQFHV)UHLGHODQG6FKHOH6WXDUW9RJW
7KLVFRQFHSWRIPRXQWDLQVDVWKHOLIHVXVWDLQLQJVRXUFHZDVOLQNHGWRWKHFRQFHSWRIaltepetl
PHDQLQJ³ZDWHU\KLOO´³KLOORIVXVWHQDQFH´RU³ZDWHUPRXQWDLQ´6DKDJ~Q9RO,,,7KH
FRQFHSWRIaltepetlZDVV\QRQ\PRXVZLWKWKHFRQFHSWRIDµFRPPXQLW\¶RUµNLQJ¶SUHFLVHO\EHFDXVHLW
UHIHUHQFHGWKLVFRQFHSWXDOOLQNEHWZHHQFDYHVSULQJVPRXQWDLQVDQGKXPDQVHWWOHPHQWV.RZDOVNL
/RFNKDUW0F&DIIHUW\6HOHU$VDVRFLDOLQWHJUDWLQJXQLWLWHQFRPSDVVHG³WKHUXOHU
KLVVXSSRUWLQJSRSXODWLRQDQGWKHJHRJUDSKLFWHUULWRU\WKDWVXSSRUWHGWKHP´+LUWKAltepetlDUH
IRXQGGHSLFWHGLQWKFHQWXU\PDQXVFULSWV5XOHUVGUHZRQWKHFRQFHSWRIPRXQWDLQaltepetlIRUWKHLU
SROLWLFDOEDFNLQJDVWKH\ZHUHWKHORFXVZKHUHWKH\FDQFRQWUROYLWDOOLIHVRXUFHVDQGGUDZRQWKHLU
DQFHVWUDOVSLULWV6WXDUW7KHVHPRXQWDLQVZHUHWKHSRUWDOVWRWKHXQGHUZRUOGIURPZKLFKWKH
PRXQWDLQJRGVFRQWUROOHGOLJKWQLQJWKXQGHUFORXGVDQGWKHUDLQ9RJWDQG6WXDUW,WLVDWWKHVH
VDFUHGPRXQWDLQVWKDWSDWURQGHLWLHVUHVSRQVLEOHIRUWKHFUHDWLRQDQGSURWHFWLRQRIWKHFRPPXQLW\UHVLGHG
/ySH]$XVWLQDQG/ySH]/XMiQ
 3\UDPLGPRXQWDLQVKDYHEHHQDUJXHGWREHFHQWUDOIHDWXUHVRIWKHFHUHPRQLDOODQGVFDSH
WKURXJKRXW0HVRDPHULFD%URGD.QDSSDQG$VKPRUH0F&DIIHUW\7RZQVHQG,Q
IDFWHWKQRJUDSKLFDOO\LWKDVEHHQDUJXHGWKDWHYHU\FRPPXQLW\KROGVDFORVHFRQQHFWLRQWRPRXQWDLQV
9RJWDQG6WXDUW7KH\ZHUHWKHD[LVIURPZKLFKVDFUHGJHRJUDSK\ZDVFUHDWHGOLQNLQJ
P\WKLFDOKLVWRULFDOPRGHOVRIWKHFRVPRVERXQGLQJFRPPXQLWLHVERWKSK\VLFDOO\DQGSROLWLFDOO\WKURXJK
WKHULWXDOL]HGODQGVFDSHDQGWKH\ZHUHSODFHVZKHUHPHPRULHVRINLQJVZHUHFRQVHFUDWHG)UHLGHODQG
6FKHOH0F$QDQ\7RZQVHQG7KHDQDORJ\WRS\UDPLGVLVHYHQPRUHVWULNLQJO\
DSSURSULDWHDVHWKQRJUDSKLFUHFRUGVGHPRQVWUDWHWKDWPRXQWDLQVZHUHFRQFHSWXDOL]HGWREHVWUDWLILHG
FRQWDLQLQJKRUL]RQWDOOD\HUVOLNHWKHKHDYHQVWKDWV\PEROL]HGWKHVN\DQGWKHDVFHQWWRZDUGVWKH
KHDYHQV9RJWDQG6WXDUW8QHTXLYRFDOO\WKHPDLQVWDLUZD\OHDGLQJXSWRWKHSLQQDFOHRIWKH
S\UDPLGZRXOGKDYHUHSOLFDWHGWKHDVFHQWLQWRWKHKHDYHQVDVRQO\UHVWULFWHGDFWRUVZRXOGKDYHKDG
DFFHVVWRPRYHWKURXJKWKLVYHUWLFDOVSDFH
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:KDWLVRISDUWLFXODULQWHUHVWWRWKHSUHVHQWDUJXPHQWLVWKDWPRXQWDLQVZHUHFRQVLGHUHGQRWRQO\
WKHORFDWLRQZKHUHZDWHUZDVVWRUHGEXWZHUHDOVRSODFHVZKHUHRWKHU³EHLQJV´UHVLGHG$QLPDOV
DQFHVWUDOVSLULWVDQGGHLWLHVDUHVDLGWRLQKDELWVDFUHGPRXQWDLQV*RVVHQ+LOO9RJW
9RJWDQG6WXDUW,WLVLQWKHVHVDFUHGPRXQWDLQVWKDWDQLPDOFRPSDQLRQVZHUHFRUUDOOHGDWQLJKW
NHHSLQJWKHPVDIHIURPKDUP9RJW7KLVLGHRORJ\ZDVYLYLGO\GRFXPHQWHGGXULQJWKH)LHVWDGHO
9ROFiQDPRQJWKH&DNFKLTXHO0D\DZKHUHWKH6SDQLVKWDNHRYHURI&DNFKLTXHOODQGGXULQJWKH&RORQLDO
SHULRGLVUHHQDFWHG6XFKDIHVWLYDOLQFOXGHGWKHFRQVWUXFWLRQRIDODUJHYROFDQRUHSOLFDDWWKHPDLQSOD]D
ZKHUHOLYHIORUDDQGIDXQDGHFRUDWHGWKHVWUXFWXUHDQGOLYHGHHUSHFFDULHVZLOGSLJVWDSLUVFRDWLVDQG
RWKHUFUHDWXUHVZHUHSODFHGLQWKHLULQWHULRUWKURXJKFDYHOLNHRSHQLQJVEXLOWRQLWVVLGHV+LOO
7KHUHLVDKLHUDUFK\DPRQJWKHDQLPDOFRPSDQLRQVWKDWZHUHGLYLGHGLQWRXSSHUDQGORZHUOHYHOV
WKHPRVWSURPLQHQW³PDVWHU´RIWKHDQLPDOVEHLQJWKHIHURFLRXVMDJXDU*RVVHQ$QLPDOVDQG
DQLPDOFRPSDQLRQVSOD\HGDYLWDOUROHLQNH\LQJLQRQDSDUWLFXODUPRXQWDLQDVtheVDFUHGPRXQWDLQZKHUH
DFRPPXQLW\RIDQLPDOVVSHFLILFDOO\OLQNHGWRWKHFRPPXQLW\UHVLGHG6XJL\DPDD7KHVHDQLPDOV
SURYLGHGWKHOLQNWRDQFHVWUDOVSULWVDQGGHLWLHV7KHFRPPXQLW\ZLWKLQWKHPRXQWDLQZDVDVKLHUDUFKLFDO
DVWKHFRPPXQLW\RXWVLGHRILWPDNLQJWKLVVXFKDQDSSURSULDWHPHWDSKRUOLQNLQJWKHVRFLDOODQGVFDSHWR
WKHQDWXUDOODQGVFDSHDQG³QDWXUDOL]LQJ´WKH³VRFLDOVSHFLDWLRQ´LQWKHFRPPXQLW\0F$QDQ\
%HLQJWKHSURPLQHQWPRXQWDLQLQWKH7HRWLKXDFDQ%DVLQZLWKDFWLYHVSULQJVDORQJWKHIRRWKLOOV
&HUUR*RUGRPKLJKZDVSUREDEO\UHJDUGHGDV7HRWLKXDFDQ¶VVDFUHGPRXQWDLQDVWKHVRXUFHRI
VXVWHQDQFHIRUWKHH[SDQVLRQLVWFLW\7REULQHU7KHPDMRUQRUWKVRXWKDYHQXHWKH$YHQXHRIWKH
'HDGLVDOLJQHGWRZDUGWKHFHQWHURIWKH&HUUR*RUGRPRXQWDLQDQGWKH0RRQ3\UDPLGDJJUDQGL]LQJ
WKHVHWZRIHDWXUHVDVWKHFHQWUDOILJXUHVWKDWRULHQWHGWKHVDFUHGJHRJUDSK\DWWKLVFLW\FHQWHU6HYHUDO
QDWXUDOIHDWXUHVRIWKH&HUUR*RUGRPDNHLWDSURPLQHQWFDQGLGDWHDVWKHVDFUHGPRXQWDLQ7KHPDLQ
DGYDQWDJHLVWKHHPLQHQWVSULQJVDQGVWUHDPVWKDWZRXOGKDYHIORZHGIURPWKHPRXQWDLQLWVHOIDQGWKH
SUHVHQFHRIVPDOODQGODUJHFDYHVDWLWVEDVH*DPLR1RWLFHDEO\WKH&HUUR*RUGRKDVD
³TXHEUDGD´DFOHIWDWWKHSLQQDFOHDIHDWXUHSUHVHQWLQPDQ\H[WLQFWYROFDQRHVWKDWLVZKHUHSHRSOHKDYH
DUJXHG\RXFDQOLVWHQWRWKHJXVKLQJZDWHUVWKDWDUHWREHIRXQGZLWKLQWKHPRXQWDLQ7REULQHU
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$OWDUVVKULQHVDQGPDUFDGRUHVVFDWWHUHGWKURXJKRXWWKH&HUUR*RUGRIXUWKHUFRQILUPWKHLPSRUWDQFHRI
WKLVPRXQWDLQDVDFHQWUDOIHDWXUHLQWKHFHUHPRQLDOODQGVFDSH
7KH0RRQ3\UDPLGVWDQGLQJDVDUHSOLFDRIWKLVJUDQGPRXQWDLQPD\KDYHEHHQWKHDUWLILFLDO
FRXQWHUSDUWRIWKLValtepetlVLWXDWHGVRFHQWUDOO\WRWKHPRQXPHQWFRUH+RZHYHULWLVQRWWKHODUJHVW
PRQXPHQWE\DQ\PHDQVDVWKH6XQ3\UDPLGLVPXFKODUJHULQVFDOHDQGWKHUHLVQRWVXIILFLHQWHYLGHQFH
IRUDULFKLFRQRJUDSKLFUHSHUWRLUHWKDWGLUHFWO\DGGUHVVHGWKHV\PEROLFYDOXHVRIWKLVPRQXPHQWDVFDQEH
IRXQGLQWKH)63/ySH]$XVWLQHWDO7KXVZHPXVWUHO\RQUHFRQVWUXFWLQJWKHULWXDOL]HG
SURGXFWLRQRIWKLVSODFHVSHFLILFDOO\WKURXJKUHFUHDWLQJKRZWKHPRQXPHQWJUHZDQGWKHGHGLFDWRU\
ULWXDOVWREHDEOHWRLQWHUSUHWWKHVRFLDOLGHQWLW\RIWKHPRQXPHQWDVWKHVDFUHGaltepetl
$VFDQEHVHHQE\WKHDEXQGDQFHRIKLJKO\V\PEROLFDUWLIDFWVWKDWDUHFDUHIXOO\ODLGRXWLQ
VWUDWHJLFORFDWLRQVWKHGHGLFDWRU\FDFKHVIRXQGDWWKH0RRQ3\UDPLGJUDSKLFDOO\HQFRGHGKLJKO\
V\PEROLFUHIHUHQWVWKDWH[SUHVVHGHPEOHPVRIVDFUHGUXOHUVKLSPLOLWDULVPDQGVDFULILFH6XJL\DPDDQG
/ySH]/XMiQ,QGHHGWKURXJKRXW0HVRDPHULFDIRXQGDWLRQFDFKHVDUHVDLGWRPHWRQ\PLFDOO\
UHSOLFDWHWKHFRVPRV-R\FH/ySH]/XMiQE7KHREMHFWVDQGVDFULILFLDOYLFWLPVSODFHGLQVXFK
FDFKHVLGHQWLILHGWKHVDFUHGFKDUDFWHURIWKHSODFHRULHQWLQJWKHVSDFHZLWKLQDFRPSOH[ZHERIV\PEROV
-R\FH/ySH]/XMiQE9HOi]TXH]&DVWUR7KHPDLQDFWRUVWKDWDUHWKHVXEMHFWRIWKH
UHPDLQGHURIWKHGLVVHUWDWLRQDUHWKHDQLPDOVWKDWSDUWRRNLQWKHVHGHGLFDWRU\DFWV:KDWUROHGLGWKHVH
DQLPDOVSOD\LQWKHULWXDOL]HGVSHFWDFOH"'LGWKH\SOD\DUROHLQWKHGHILQLWLRQRIWKHULWXDOL]HGODQGVFDSH
SDUWLFXODUO\LQWKHFRQVWUXFWLRQRIWKH0RRQ3\UDPLGDVthealtepetl":HUHWKH\FRQYHUWHGWRNH\V\PEROV
WKDW³QDWXUDOL]HG´WKHKLJKO\GLIIHUHQWLDWHGVRFLDOHQYLURQPHQWRI7HRWLKXDFDQ",QRWKHUZRUGVKRZZHUH
DQLPDOVDQGDQLPDOPHGLXPVH[SHULHQFHGLQWKHULWXDOVSHFWDFOH",QRUGHUWRDGGUHVVWKLVLVVXHZHPXVW
ILUVWDWWHPSWWRGHILQHZKDWDQDQLPDOLV
7KH$QLPDO'HILQLWLRQVDQG,QWHUSUHWLYH3DUDGLJP
$Q\LQWHUSUHWDWLRQDERXWDQLPDOVLQSDVWVRFLHWLHVPXVWEHJLQZLWKDGLVFXVVLRQDERXWZKDW
FRQVWLWXWHVDQDQLPDODQGGHILQLQJWKHUHODWLRQVKLSEHWZHHQKXPDQVDQGDQLPDOV:KLOHLWLVGLIILFXOWWR
DVVXPHWKDWZHZRXOGEHDEOHWRFRPSOHWHO\UHFUHDWHVXFKFRQFHSWLRQVLQSDVWVRFLHWLHVUHFHQW
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DQWKURSRORJLFDOOLWHUDWXUHRQKXPDQDQLPDOUHODWLRQVKLSVSURYLGHDQHIIHFWLYHVWDUWLQJSRLQWWREDVHRXU
XQGHUVWDQGLQJRIDQLPDOVLQ$PHULQGLDQVRFLHWLHVIRUWKHSUHVHQWVWXG\
Perspectivisim: Animals as ontological agents 
,QFUHDVLQJDQWKURSRORJLFDOLQWHUHVWKDVEHHQGHYRWHGWRXQGHUVWDQGLQJDQLPDOVDVFRQVFLRXV
LQWHQWLRQDODJHQWVRQWRORJLFDOVXEMHFWVWKDWUHTXLUHGPHDQLQJIXOUHODWLRQVKLSVWREHEXLOW$UPVWURQJ2PD
%LUG'DYLG+DOORZHOO,QJROGD9LYHLURVGH&DVWUR,Q+DOORZHOO¶V
H[HPSODU\VWXG\RI2MLEZD,QGLDQRQWRORJ\KHGHPRQVWUDWHGWKDWKXPDQVDQG³RWKHUWKDQKXPDQ
SHUVRQV´KDYHWKHSRVVLELOLW\RIKDYLQJWKHVDPHRQWRORJLFDOVWDWXVDVKXPDQVWKURXJKHVWDEOLVKLQJ
LQWHUSHUVRQDOUHODWLRQVKLSV7KH\KDYH³WKHFDSDFLW\WRRFFXS\DSRLQWRIYLHZ´DQGWKLVYLHZSRLQWLV
UHIHUUHGWRE\VRPHDV³SHUVSHFWLYLW\´RU³SHUVSHFWLYLVP´9LYHLURVGH&DVWUR2MLEZD
FRQFHSWXDOL]HGDQLPDOVSODQWVDQGRWKHUQDWXUDOIHDWXUHVREMHFWVDVµSHUVRQV¶WKDWKDYHDJHQF\DQG
FRQVFLRXVO\LQWHUDFWZLWKRWKHUµSHUVRQV¶6XFKDQLQWHUSUHWDWLRQLVDEXQGDQWWKURXJKRXWWKH1HZ:RUOG
DQGKDVEHHQFKDUDFWHUL]HGLQ$PHULQGLDQFXOWXUHVWKURXJKRXW6RXWK&HQWUDODQG1RUWK$PHULFD,QJROG
E6FKDHIHUDQG)XUVW8OORD8UWRQ9LYHLURVGH&DVWUR=LQJJDQGFDQ
HYHQEHDUJXHGIRUYDULRXV2OG:RUOGFDVHVHJ$QGHUVRQ.LPXUD
:KLOHVXFKFRQFHSWXDOL]DWLRQRIWKH³SHUVRQKRRG´RIDQ\REMHFWVXEMHFWLVKHOSIXOLQDYRLGLQJWKH
SLWIDOOVRIDPRGHUQLVWSHUVSHFWLYH%LUG'DYLGXUJHVXVWRH[SODLQKRZWKHEHOLHIVDUHHQJHQGHUHG
DQGSHUSHWXDWHGWKURXJKZKDWKHFDOOV³VXSHUSHUVRQV´SHUVRQVZLWKH[WUDSRZHUV/RRNLQJDWWKH
0HODQHVLDQ'HYDPULWXDO%LUG'DYLGGHPRQVWUDWHVWKDWDQLPLVPPXVWEHXQGHUVWRRGDVD
UHODWLRQDOHSLVWHPRORJ\ZKHUHE\SHUIRUPDQFHVUDLVHSHRSOH¶VDZDUHQHVVRIµSHUVRQV¶DQGDFWDVDZD\IRU
XQGHUVWDQGLQJRQH¶VSODFHLQWKLVLQWHUOLQNHGUHODWLRQDOHQYLURQPHQW7KXVFRQFHSWXDOL]DWLRQVRIDQLPDOV
DUHQRWVLPSO\LPSRVHGEXWGLVFRYHUHGDQGPRGLILHGWKURXJKREVHUYDWLRQDQGLQWHUDFWLRQ²WKURXJK
KXPDQDQLPDOµHFRFRQWUDFWV¶²ZKHUHWKHUHDUHPXWXDOULJKWVDQGREOLJDWLRQVGHVLJQDWHGGXULQJWKLV
WUDQVDFWLRQ$UPVWURQJ2PD%HWWVHWDO%LUG'DYLG,QIDFW9LYHLURVGH&DVWURZRXOG
JRWRWKHH[WUHPHLQVD\LQJWKDW³7KHRULJLQDOFRPPRQFRQGLWLRQRIERWKKXPDQVDQGDQLPDOVLVQRW
DQLPDOLW\EXWUDWKHUKXPDQLW\´,QWKLVYLHZDQLPDOVDUHDOZD\VVXEMHFWVZLWKDQHQFXOWXUHG
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SHUVSHFWLYHDQGPXVWDOZD\VEHFRQFHSWXDOL]HGDVVXFKZKHQGLVFXVVLQJWKHLUUROHVZLWKLQDVRFLHW\LQWKH
VDPHZD\LQGLYLGXDOKXPDQVDUHLQWHUSUHWHG
2WKHUVKDYHFKDUDFWHUL]HGWKLV³KXPDQL]DWLRQ´SURFHVVDVDZD\RIFUHDWLQJD³VHQWLHQWHFRORJ\´
EXLOWE\NQRZOHGJHRIDQGE\WKHUHIOH[LYHDFWLRQVEHWZHHQKXPDQSHUVRQVDQGDQLPDOSHUVRQV$QGHUVRQ
,QDVHQWLHQWZRUOGDKXPDQPRYLQJWKURXJKWKHHQFXOWXUHGODQGVFDSHLVQHFHVVDULO\
LQWHUZRYHQZLWKLQDZHERIFRQVFLRXVLQWHUSHUVRQDOUHODWLRQVKLSVDQGFDQQRWEHLVRODWHGIURPVXFKDQ
HQWDQJOHGODQGVFDSH6DXQGHUV)XUWKHUPRUHKXPDQDQGDQLPDOFDWHJRULHVDUH³SURGXFHG´E\D
FXOWXUHVSHFLILFV\VWHPDFWLYHO\QHJRWLDWHGWKURXJKHVWDEOLVKLQJUHODWLRQVKLSVZLWKDQLPDOVZKLFKPXVW
EHPDLQWDLQHG8OORD'DLO\SUDFWLFHVKXQWLQJDQGVXEVLVWHQFHVWUDWHJLHVDQGULWXDOL]HG
SHUIRUPDQFHVSURGXFHPDLQWDLQUHLQIRUFHDQGPRGLI\VXFKUHODWLRQVKLSV7KLVSHUVSHFWLYHRI
XQGHUVWDQGLQJDQLPDOVDV³SHUVRQV´WUDQVIRUPVWKHHPSLULFDOQDWXUDOHQYLURQPHQWLQWRDQHQWDQJOHG
ODQGVFDSHEHFRPLQJWKHVHWWLQJIRUGHYHORSLQJPHDQLQJIXOUHODWLRQVKLSVZLWKWKHLUVXUURXQGLQJV%URZQ
DQG(PHU\IRUH[DPSOHKDYHGHPRQVWUDWHGWKDWKXQWLQJVKULQHVLQDPRGHUQ0D\DYLOODJHLQ
*XDWHPDODPLWLJDWHGWKHDFWLYHPDLQWHQDQFHRIDUHODWLRQVKLSZLWKYDULRXVDJHQWVRQWKHODQGVFDSH²WKH
DQLPDOJXDUGLDQVSHFLDOURFNRXWFURSVURFNVKHOWHUVDQGFDYHVWKHKXQWHGDQLPDOLWVHOIKXQWLQJGRJV
ZHDSRQVDQGWKHVNHOHWDOUHPDLQVRIWKHSUH\7KURXJKULWXDOL]HGDFWLRQVDWKXQWLQJVKULQHVDQGWKH
PDLQWHQDQFHRIWKHVHUHODWLRQVKLSVHYHQLQGDLO\FRQVXPSWLRQDFWLYLWLHVKXQWHUVZHUHDEOHWRVDIHO\FURVV
WKHGRPHVWLFZLOGERXQGDU\LQWRWKHGDQJHURXVIRUHVWGXULQJKXQWLQJSUDFWLFHV
:KHQFRQFHLYHGDVRQWRORJLFDODJHQWVRXUXQGHUVWDQGLQJRIWKHUROHRIDQLPDOVLQULWXDOL]HG
VSHFWDFOHVLVUDGLFDOO\UHVKDSHG:HFDQXQGHUVWDQGULWXDOL]HGSHUIRUPDQFHVDVDFHQWUDOVWDJHIRUWKH
HVWDEOLVKPHQWRIPHDQLQJIXOUHODWLRQVKLSVZLWKWKHVHDQLPDOVDQGDOVRWKHVHWWLQJZKHUHLQGLYLGXDO
DQLPDOVDUHWUDQVIRUPHGLQWRHPSRZHUHGV\PEROV7KHULWXDOL]HGSHUIRUPDQFHZRXOGQRWKDYHWUHDWHG
DQLPDOVDVREMHFWVDVUHLILHGHQWLWLHVEXWDVDFWLYHVXEMHFWVZLWKWKHLURZQPHWDSK\VLFDOVWDQGLQJ
WKURXJKRXWWKHWUDMHFWRU\RIWKHULWXDOL]HGSURFHVV3DWWRQ6XFKDQHPSKDVLVRQUHODWLRQDO
RQWRORJ\EULQJVWRWKHIRUHIURQWWKHLQWHUDFWLRQVZLWKWKHDQLPDOVKRZSHRSOHSK\VLFDOO\DQGV\PEROLFDOO\
LQWHUDFWHGZLWKWKHDQLPDOVRQWKHODQGVFDSH
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$VKXQWHUVSDUWLFXODUO\DUHVHQVLWLYHWRPDLQWDLQLQJDVWURQJERQGZLWKWKHLUSUH\WKH\SURYLGHDQ
HIIHFWLYHFDVHWRVWXG\VRPHRIWKHPDWHULDOFRUUHODWHVWKDWPDQLIHVWWKLVLQWLPDWHFRQQHFWLRQRIWHQ
WKURXJKSRVVHVVLQJSDUWLFXODUDQLPDOSURGXFWVVXFKDVKLGHVERQHVDQGWHHWK+LOO0F1LYHQ
+XQWHUVQDYLJDWHWKHKXPDQDQLPDOGLYLGHRUODFNWKHUHRIWKURXJKHVWDEOLVKLQJLQWHUSHUVRQDOGLDORJXHV
ZLWKWKHLUSUH\WKDWDUHXVXDOO\FKDUDFWHUL]HGE\PXWXDOVHQWLHQFHP\WKLFDOOLQNDJHVLQWKHIRUPRI
NLQVKLSDQGVKDUHGSHUVRQKRRG0F1LYHQ/RRNLQJDWWKHSURJUHVVLRQRIWKHVHLQWHUDFWLRQVRQH
FDQH[DPLQHWKHFKDQJHVLQWKHVRFLDODQGHFRQRPLFHQJDJHPHQWVLQULWXDOL]HGFRQWH[WV)RUH[DPSOH
%HWWVDQGFROOHDJXHVZHUHDEOHWRLQWHUSUHWWKHW\SHRIKXPDQVKDUNLQWHUDFWLRQVWKURXJK
FKURQRORJLFDOFKDQJHVLQWKHDEXQGDQFHDQGVSDWLDOGLVWULEXWLRQRIVSHFLILFVSHFLHVRIVKDUNWHHWK
6XFKFDVHVWXGLHVGHPRQVWUDWHWKDWKLJKO\LQWLPDWHUHODWLRQVKLSVEHWZHHQKXPDQVDQGDQLPDOVFDQ
EHUHFRUGHGWKURXJKWKHPDWHULDOFRUUHODWHVRISK\VLFDOIDXQDOSURGXFWVDQGERGLHV,WLVWKURXJK
XQGHUVWDQGLQJWKHUHODWLRQVKLSVWKDWZHUHHVWDEOLVKHGERWKSK\VLFDODQGV\PEROLFWKDWZHFDQEHJLQWR
LQWHUSUHWWKHUROHRIDQLPDOVLQWKHFRQFUHWLRQRIGRPLQDQWLGHRORJLHVDW7HRWLKXDFDQ
Animal classificatory systems: “Naturalizing” the social landscape 
2QHZD\WRLQYHVWLJDWHWKHQDWXUHRIWKHUHODWLRQVKLSEHWZHHQKXPDQVDQGDQLPDOVLVE\
H[DPLQLQJDQLPDOFODVVLILFDWRU\V\VWHPV(WKQR]RRORJLFDOFODVVLILFDWRU\V\VWHPVKLJKOLJKWWKH
UHODWLRQVKLSEHWZHHQDQLPDOVDVZHOODVWKHLUFRQQHFWLRQZLWKKXPDQV7KH\H[SOLFLWO\DGGUHVVDWWLWXGHV
PRWLYDWLRQVDQGLQWHUUHOLDQFHEHWZHHQDQGDPRQJKXPDQVDQGDQLPDOV/HDFK7DPELDK
7KH\SURYHWREHLQGH[LFDOFDWHJRULHVUHIHUHQFLQJXQLTXHZD\VRISHUFHLYLQJDQGLQWHUDFWLQJZLWKWKH
ZRUOGDQGVHUYHDVFRVPRORJLFDOGLUHFWRULHV8UWRQ9LYHLURVGH&DVWUR
$QLPDOFODVVLILFDWLRQV\VWHPVDUHSDUWLFXODUO\UHOHYDQWLQRULHQWLQJIRUPVRIKXPDQVRFLDO
RUJDQL]DWLRQ$VHQFXOWXUHGVXEMHFWVDQLPDOVDELGHE\UHLQIRUFHRUPRGLI\WKHUXOHVDQGUHJXODWLRQV
SUHYDOHQWLQWKHVRFLHW\+LOO7KH\KHOSXVFDWHJRUL]HKXPDQVLQWKHVDPHZD\DQLPDOVDUH
FODVVLILHGDQGDUHVLPSO\DQH[WHQVLRQRIKRZKXPDQVRFLDOUHODWLRQVKLSVDUHRUJDQL]HG'RXJODV
/pYL6WUDXVV$VZLWKWKHKXPDQZRUOGQRWDOODQLPDOVDUHPDGHHTXDODQGLWLVSUHFLVHO\WKH
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GLYHUVLW\LQWKHPRUSKRORJ\EHKDYLRUDQGHFRORJ\RIWKHDQLPDOWD[DWKDWSURYLGHWKHEDVHVIRUQDWLYH
]RRORJLFDOV\VWHPV=XLGHPD
7KH7]RW]LO0D\DIRUH[DPSOHH[SODLQWKDWFRPSDQLRQDQLPDOVRIDFRPPXQLW\RFFXS\WKH
VDFUHGPRXQWDLQ*RVVHQ7KLVPRXQWDLQKDVKRUL]RQWDOOHYHOVOLNHWKHKHDYHQVZLWKHDFK
VWUDWXPFRQWDLQLQJVSHFLILFFRPSDQLRQDQLPDOV7KHGLIIHUHQFHEHWZHHQSUHGDWRUSUH\DQGGRPHVWLFZLOG
DUHSDUWLFXODUO\UHOHYDQWLQWKHDQLPDOV¶SRVLWLRQ2QO\ZLOGDQLPDOVZLWKILYHGLJLWVFDQEHDQDQLPDO
FRPSDQLRQ*RVVHQ7KHUHLVDKLHUDUFKLFDODUUDQJHPHQWRIDQLPDOVZKHUHZLOGFDUQLYRUHVVWDQGDW
WKHXSSHUVWUDWDRIWKHDQLPDOKLHUDUFK\ZKLOHKHUELYRUHVDQGVPDOODQLPDOVLQKDELWWKHORZHUOHYHOV
*RVVHQ3LQ]yQ&DVWDxR9RJW6XFKDQHPSKDVLVRQSUHGDWRUSUH\UHODWLRQVKLSVKHOSV
OHJLWLPL]HVRFLDOGLIIHUHQFHGXHWRWKHDSSDUHQWGRPLQDQWUROHRIWKHSUHGDWRU$WWKHVDPHWLPHWKDWWKH\
IXQFWLRQDVIRRGJLYHUVWKH\DOVRVHFXUHWKHKDUPRQLRXVH[FKDQJHRIJLIWVEHWZHHQVRFLHW\DQGWKHJRGV
XWLOL]LQJHOLWHVDVLQWHUPHGLDULHV%XVDWWD$VWKHKXQWHUpar excellenceFDUQLYRUHVDUHRIWHQ
WKRXJKWWRKDYHEHHQWKHRQHVZKRWDXJKWKXPDQVKRZWRKXQWDQGDUHUHVSRQVLEOHIRUWKHVXFFHVVRIWKHLU
VXEVLVWHQFHVWUDWHJ\)RUH[DPSOHWKH+XLFKRO,QGLDQVSHUFHLYHWKHZROIDVWKHLUHOGHUEURWKHUZKRWDXJKW
PDQKRZWRKXQWGHHU9DODGH]$VVXFKSUHGDWRUVDUHRIWHQYLHZHGDVFRQWUROOLQJWKHQDWXUDO
ODQGVFDSHDQGDV³PDVWHUV´RIWKHDQLPDOVWKH\DUHNH\V\PEROVRIGRPLQDQFHSRZHUDQGDXWKRULW\
2QO\WKHPRVWSRZHUIXOprincipalesHOLWHVFDQFODLPWRUHVLGHLQWKHKLJKHVWOHYHOVRIVRFLDOKLHUDUFK\
ZKRKDYHWKH³PDVWHU´RIDQLPDOVWKHJLDQWMDJXDUDVWKHLUFRPSDQLRQ9RJWDQG6WXDUW
7KHFRQFHSWRIDPDVWHURIDQLPDOVRUJXDUGLDQRIDQLPDOVVHHPVWREHSDQFRQWLQHQWDO*RVVHQ
+LOO,QJROG9LYHLURVGH&DVWURZKHUHFHUWDLQVSHFLHVDUHDWWULEXWHGDV
GRPLQDQWDQGDEOHWRFRQWURORWKHUDQLPDOV6XFKGRPLQDQWDQLPDOVZHUHDOVRKLJKO\SUDLVHGDV
LQWHUPHGLDULHVZLWKRWKHUVSLULWVJRGVDQGDQFHVWRUV2IFRXUVHQRWHYHU\RQHFDQKDYHDMDJXDUDVWKHLU
VRXOFRPSDQLRQDQGDVLQGLYLGXDOVGLVFRYHUWKHLUDQLPDOFRPSDQLRQXVXDOO\WKURXJKGUHDPVLW
GHPRQVWUDWHVWKDWWKHLQGLYLGXDO¶VIDWHDQGIRUWXQHDUHVRPHZKDWSUHGHWHUPLQHG%XVDWWD*RVVHQ
0F$QDQ\7KLVH[SODLQVZK\KXQWHUVZDUULRUVVKDPDQVDQGUR\DOW\KDYHDOZD\V
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PDLQWDLQHGDFORVHDVVRFLDWLRQZLWKWKHMDJXDUDVWKHHWKQR]RRORJLFDOFODVVLILFDWLRQV\VWHP
DFNQRZOHGJHGVRFLDOKLHUDUFKLHV6DXQGHUV
$WWKLVSRLQW,KDYHUHSHDWHGO\HPSKDVL]HGWKDWLQWHUSHUVRQDOUHODWLRQVKLSVWKDWKXPDQVHVWDEOLVK
ZLWKDQLPDOVDUHHVVHQWLDOLQGHILQLQJZKHUHWKH\VWDQGLQWKHVRFLDOFODVVLILFDWRU\V\VWHP6HYHUDOW\SHV
RIUHODWLRQVKLSVFDQH[LVWEHWZHHQKXPDQVDQGDQLPDOVLQFOXGLQJZLOGGRPHVWLFDWHGWDPHGRUKHUGHG
DQLPDOV:KLOHWKHVHERXQGDULHVPD\YHU\ZHOORYHUODSLQVRPHFDVHVGRPHVWLFDQLPDOVDUHFKDUDFWHUL]HG
E\PRUSKRORJLFDOELRORJLFDOFKDQJHVDVZHOODVDOWHUQDWLRQLQWKHVRFLDOLQWHUDFWLRQWKDWLVEDVHGRQ
LQWHUGHSHQGHQFH$QLPDOWDPLQJLQYROYHVDW\SHRIVRFLDOLQFRUSRUDWLRQRIWKHDQLPDOLQWRWKHKRXVHKROG
ZKLOHKHUGLQJSUDFWLFHVDUHPHUHO\WKHNHHSLQJRIDQLPDOVDVSURSHUW\5XVVHOOE0DQDJHPHQW
PHUHO\UHIHUVWRDQ\GHOLEHUDWHSUDFWLFHWRPDLQWDLQRUDOWHUWKHGHPRJUDSKLFVRIDQDQLPDOSRSXODWLRQ
LQFOXGLQJVHOHFWLYHKXQWLQJUHVWULFWHGXVDJHRUKDELWDWPDQLSXODWLRQ2QO\GRPHVWLFDWLRQDVVXPHVWKDW
EUHHGLQJWRRNSODFHZLWKLQWKHGRPHVWLFVSKHUHDQGUDGLFDOO\FKDQJHGWKHSKHQRW\SHVRIDQLPDOVWR
FUHDWHDV\PELRWLFUHODWLRQVKLSDQGGRPHVWLFDWLRQFDQEHFDUULHGRXWWRYDULRXVH[WHQWV
,QWKHFDVHRIGRPHVWLFDWLRQWKLVSURFHVVUHLQIRUFHVWKHKXPDQLW\RIWKHDQLPDODQGFUHDWHVDQHZ
SHUVSHFWLYHRQWKHDQLPDOKLHUDUFK\HVWDEOLVKLQJDUHODWLRQVKLSEDVHGRQVXERUGLQDWLRQDQGFRQWURO7KLV
LVZK\VRPHJRVRIDUWRDUJXHWKDWWKHSUHVHQFHRIDGRPLQDQWKLHUDUFK\PD\EHDSUHUHTXLVLWHIRU
GRPHVWLFDWLRQHJ&OXWWRQ%URFN,QJROGIXUWKHUGUDZVDSDUDOOHOEHWZHHQWKHGRPLQDQW
SRVLWLRQWKDWWKHGRPHVWLFDWLRQSURFHVVSODFHVKXPDQVLQDQGWKHSRVLWLRQDQLPDOJXDUGLDQVH[KLELWRYHU
WKHGRPDLQRIZLOGDQLPDOV2WKHUVKDYHDUJXHGWKDWZKHQDUXOHUVKDPDQRUZDUULRU³GRPHVWLFDWHV´RU
HVWDEOLVKHVDGLUHFWFRQQHFWLRQZLWKRUXQGHUVWDQGLQJRIWKHDQLPDOWKH\DUHJLYHQPDJLFDOSURSHUWLHV
RIWHQRIWKHDWWULEXWHVRIWKHDQLPDOLQTXHVWLRQEHWWHUVLJKWKXQWHULQVWLQFWVVWUHQJWK3LQ]yQ&DVWDxR
,QWKHSUHVHQWFDVHWKHQZHPXVWDVNZKDWZDVWKHQDWXUHRILQWHUDFWLRQVZLWKDQLPDOVDQGKRZ
GLGWKLVFRQWULEXWHWRWKHGHILQLWLRQRIWKHQDWXUDODQGWKXVWKHFXOWXUDOODQGVFDSHRI7HRWLKXDFDQ"
5LWXDODQG$QLPDO%RGLHV$JHQWVLQD5LWXDOL]HG3HUIRUPDQFH
,QWKLVVHFWLRQ,KLJKOLJKWWKHWZRW\SHVRI]RRDUFKDHRORJLFDOGDWDH[DPLQHGLQWKHWKHVLVDQLPDOV
VDFULILFHGLQGHGLFDWLRQWRWKHPRQXPHQWFRPSOHWHSULPDU\EXULDOVDQGDQLPDOPHGLXPVH[SUHVVHGE\
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WKHLUERG\SDUWVZKLFKZHUHGHSRVLWHGDVRIIHUWRU\DUWLIDFWVVHFRQGDU\EXULDOV%RWKRIWKHVHGDWDVHWV
KLJKOLJKWWKHLPSRUWDQFHRIWKHSK\VLFDOLW\RIWKHERG\DVDPHGLXPIRUWKHULWXDOL]HGH[SHULHQFH$V%HOO
H[SODLQVLWLVWKHERG\ZLWKLQWKHV\PEROLFDOO\VWUXFWXUHGHQYLURQPHQWDVLWPRYHVDFURVVD
ULWXDOO\GHILQHGVSDFHDQGWLPHWKDWIRUPVWKH³ULWXDOL]HGERG\´6XFKDERG\LVLQYHVWHGZLWKDµVHQVH¶RI
ULWXDOLQWHUQDOL]LQJDQGGHILQLQJWKHSULQFLSOHVRIWKHGHOLQHDWHGHQYLURQPHQW%HOO7KLVERG\LV
WKHEDVLFOHYHOWKDWFRQVWLWXWHVWKHVLWHZKHUHWKHPLFURQHWZRUNRISRZHUUHODWLRQVLVWDFWIXOO\QHJRWLDWHG
PDLQWDLQHGDQGPDQDJHG%HOO)RXFDXOW,WLVWKURXJKWKHPRYHPHQWRIWKH
ULWXDOL]HGERG\WKDWWKHVRFLDOODQGVFDSHLVPDSSHGRXWSURGXFHGDQGWUDQVIRUPHG&DUUDVFRD$V
WKHIXQGDPHQWDOH[SUHVVLYHLQVWUXPHQWULWXDOL]HGVSHFWDFOHVSURYLGHDQRSSRUWXQLW\IRUPD[LPXPVRFLDO
REMHFWLILFDWLRQRIERGLHVDQGERG\SDUWVDVWKH\DUHSURGXFHGWKURXJKWKHULWXDOL]HGSURFHVV9LYHLURVGH
&DVWUR
+LJKOLJKWLQJWKHUROHRIWKHSDUWLFLSDQWVLQDULWXDO5DSSDSRUWDUJXHVWKDWWKHDFWRI
EHLQJLQDULWXDOLQGH[LFDOO\VLJQLILHVWKHDFFHSWDQFHRIWKHV\PEROLFDWWULEXWHVH[SUHVVHGLQWKHULWXDO,Q
WKLVYLHZSHUIRUPHUVGRZKDWULWXDOVGREHVWWKH\FRPPXQLFDWHDQGHPERG\WKURXJKSDUWLFLSDWLQJLQWKH
RUGHULQJRIWKHVRFLDOODQGVFDSHDQGWKHV\PEROLVPWKDWWKH\WKHPVHOYHVGLGQRWQHFHVVDULO\HQFRGH7KH
SHUIRUPDWLYHDSSURDFKWDNHQKHUHKLJKOLJKWVWKLVDVSHFWRIWKHDXWRQRP\DPRQJSDUWLFLSDQWVZKHUH
LQGLYLGXDOVPD\KDYHYDU\LQJOHYHOVRILQWHUQDOL]DWLRQRIWKHPRWLYDWLRQVRIWKHSUDFWLWLRQHUV%HOO
,QRPDWDDQG&REHQ%XWLWLVWKHLUERGLO\SUHVHQFHLQWKHFRQVWUXFWHGVRFLDOVSDFHWKDW
HPEHGVWKHSDUWLFLSDQWVLQWRWKHHQWDQJOHGVRFLDOODQGVFDSH,WLVQRWWKDWHYHU\SDUWLFLSDQWERG\KXPDQ
DQGQRQKXPDQEHOLHYHVLQWKHPHDQLQJVDQGDVVRFLDWLRQVDWWULEXWHGWRWKHPEXWWKDWWKHLUSUHVHQFH
ZLWKLQWKHULWXDOPDNHVWKHERG\HPERG\ZKDWLWUHSUHVHQWVWKURXJKWKHULWXDOL]HGSURFHVVDFWLYDWLQJWKH
SDUWLFLSDQWDVD³SHUVRQ´DVRFLDODJHQWLQWKLVHQWDQJOHGODQGVFDSH6RDV,GLVFXVVWKHDQLPDOVDW
7HRWLKXDFDQDVDFWLYH³SHUVRQV´WKDWZHUHHPSRZHUHGDVVWDWHV\PEROVWKURXJKWKHULWXDOL]HGVSHFWDFOHLW
LVWKHLUSK\VLFDODSSHDUDQFHVDQGWKHLQWHUSHUVRQDOUHODWLRQVKLSVPDQLIHVWHGGXULQJWKHDFWWKDWDFFUHGLWVD
VRXUFHRIDJHQF\RIWKHDQLPDOWRWKHSURFHVVRIFRQVWUXFWLQJPHDQLQJVDQGPRWLYDWLRQVEHKLQGWKHDFW
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,QWKHSUHVHQWFDVH,GLVWLQJXLVKEHWZHHQWZRZD\VWKDWDQLPDOVSDUWLFLSDWHGLQWKHULWXDOL]HGDFW
2QHLVDVOLYHDQLPDWHHQWLWLHVWKDWZRXOGKDYHHQWHUHGWKHULWXDOVSHFWDFOHDVDFWLYHDJHQWVZKHUHWKH
7HRWLKXDFDQVWDWHZRXOGKDYHLQWHUDFWHGZLWKWKHOLYHEHDVW,QVXFKFDVHVWKH\EHFDPHYLFWLPVRI
VDFULILFHDQGZHUHSODFHGZLWKLQWKHFKDPEHUDVNH\SDUWLFLSDQWVWKDWRULHQWHGDQGDQLPDWHGWKDWVSDFH
7KHVHFRQGVFHQDULRLVWKDWDQLPDOERG\SDUWV²KHDGVZLQJVFODZVLVRODWHGHOHPHQWV²HQWHUHGWKH
ULWXDOVSHFWDFOHDVREMHFWVWKDWHPERGLHGWKHDQLPDOVIURPZKLFKWKHVHSURGXFWVZHUHH[WUDFWHG7KH
PDMRULW\RIWKHFDVHVZHUHFUDQLDOHOHPHQWVDQGVRPHWLPHVFODZVWKDWPQHPRQLFDOO\ZRXOGKDYH
UHIHUHQFHGWKHDQLPDOLQTXHVWLRQpars pro toto,QVXFKFDVHV,LQWHUSUHWWKHUROHRIWKHVHULWXDOL]HG
DUWLIDFWVDVSDUWRIWKHVDPHSHUIRUPDWLYHDFWLRQVDQGFRPSDUHKRZWKHVDPHVSHFLHVRIDQLPDOVHQWHUHG
WKHULWXDOVFHQHWKURXJKWZRYHU\GLVWLQFWSURFHVVHV
Animal Sacrifice 
 $QLPDOVDFULILFHVKDYHEHHQLOOXVWUDWHGWREHDYHU\SRZHUIXOIRUPRIULWXDOL]HGDFWWKURXJKRXWWKH
ZRUOG+LOO.LPXUD0F.XVLFN5XVVHOOD<XDQDQG)ODGD+HUH,GHILQHWKH
FRQWH[WDQGSHUVSHFWLYHIURPZKLFKVDFULILFHVDUHLQWHUSUHWHGDQGKRZWKHSUHVHQW]RRDUFKDHRORJLFDO
GDWDVHWLVXVHGWRUHFRQVWUXFWWKHULWXDOL]DWLRQSURFHVV7KLVLVKRZDQDQLPDOLVVHOHFWHGIRUDQG
SDUWLFLSDWHVLQWKLVSRWHQWDFWDVDVDFULILFLDOYLFWLPIRUWKHVWDWH%XWILUVWZHPXVWVWDUWZLWK
XQGHUVWDQGLQJZKDWVDFULILFHVDUHDQGKRZWKH\FDQEHGLVWLQJXLVKHGIURPRWKHUIRUPVRIGHSRVLWLRQLQWKH
DUFKDHRORJLFDOFRQWH[W
 7KHUHLVDQDFWLYHDQWKURSRORJLFDOGLVFRXUVHRQGHILQLWLRQVRIVDFULILFHSDUWLFXODUO\FRQFHUQLQJ
WKHRULJLQVDQGQDWXUHRIWKHDFW&DUUDVFR+DPHUWRQ.HOO\+HQQLQJHU+XEHUWDQG
0DXVV5XVVHOOD,QWKLVVWXG\,FRQFHQWUDWHRQRQHDVSHFWRIVDFULILFHIURPDYHU\SDUWLFXODU
GDWDVHW,WDNHWKHEURDGGHILQLWLRQSXWIRUWKE\+HQQLQJHUZKRH[SODLQVLWDVRULJLQDWLQJIURPWKH/DWLQ
ZRUGsacrificiumsacerPHDQLQJµKRO\¶DQGfacereUHIHUULQJWRWKHDFWµWRPDNH¶VXJJHVWLQJWKDWWKH
FRQVHFUDWLRQRIWKHREMHFWVXEMHFWZDVWKHGHILQLQJIHDWXUHRIVDFULILFH+HIXUWKHUH[DPLQHV
WKHGHILQLWLRQSXWIRUWKE\WKH(QF\FORSHGLD%ULWDQQLFDDV³DFXOWLFDFWWKURXJKZKLFKREMHFWVZHUHVHW
DSDUWRUFRQVHFUDWHGDQGRIIHUHGWRDJRGRUVRPHRWKHUVXSHUQDWXUDOSRZHU´YROEFLWHGLQ
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+HQQLQJHU6XFKDGHILQLWLRQDOORZVPHWRFRQFHQWUDWHRQVDFULILFHDVDPHDQVE\ZKLFKWKH
YLFWLPVLQWKLVFDVHDQLPDOVZHUH³VHWDSDUW´FRQVHFUDWHGWRSDUWLFLSDWHLQVWDWHOHYHOULWXDOL]HG
SHUIRUPDQFHV6XFKDSHUVSHFWLYHKLJKOLJKWVDOOWKHDVSHFWVRIWKHULWXDOL]HGSHUIRUPDWLYHDFWGLVFXVVHG
DERYHDQDO\]LQJWKHSURFHVVE\ZKLFKWKH\ZHUH³VHWDSDUW´FKRVHQIRUWKH³VHOHFWLYHNLOO´6PLWKD
 6RPHKDYHDUJXHGWKDWDQLPDOVDFULILFHVPXVWQHFHVVDULO\EHRID³GRPHVWLFDWHG´DQLPDOEHFDXVH
RQO\VRPHWKLQJWKDWLVXQGHUWKHKXPDQGRPDLQFDQEHVDFULILFHG)LUWK,QJROG6PLWKD
7KLVLVSDUWLFXODUO\WUXHLIVDFULILFHLVLQWHUSUHWHGDVDJLIWGHEWSD\PHQWRUDVDIRUPRIVXEVWLWXWLRQ
VXJJHVWLQJWKDWKXPDQVPXVWRZQLWEHIRUHLWLVJLYHQXS&DUUDVFR)LUWK+HQQLQJHU
+XEHUWDQG0DXVV$SSURSULDWHO\OLQNHGWRIRUPVRISRZHUDQGGRPLQDWLRQVXFKVDFULILFHVDUH
DVVRFLDWHGZLWKVRPHWLPHVHYHQUHJDUGHGDVH[FOXVLYHWRFRPSOH[KLHUDUFKLFDOV\VWHPV6PLWKD
&HUWDLQO\WKHPDMRULW\RI]RRDUFKDHRORJLFDOHYLGHQFHGRHVGHPRQVWUDWHDQLPDOVDFULILFHVZHUH
FRPSRVHGRIGRPHVWLFDWHGDQLPDOV&OXWWRQ%URFN5XVVHOOE$OWKRXJK6PLWKGRHVQ¶W
QHFHVVDULO\DUJXHIRUWKHSUHYDOHQFHRIRQO\GRPHVWLFDWHGDQLPDOVLQDQ\VWULFWIRUPKLVLQFOXVLRQRI
DQLPDOVEURXJKWLQWRWKHGRPHVWLFVSKHUHWKURXJKFDSWLYLW\²VXFKDVLQWKH$LQXEHDUFHUHPRQLHV²DUH
H[DPSOHVRIGRPHVWLFDWLRQLPPHGLDWHO\SULRUWRWKHVDFULILFLDOVODXJKWHU6PLWKD,QGHHGFDVHVRI
FDSWXUHRIZLOGDQLPDOVWREHXWLOL]HGLQVDFULILFLDOULWXDOVDUHUHFRUGHGHOVHZKHUH%ODQFRHWDO
0F.XVLFN3RKODQGZHUHSUREDEO\RQHRIWKHPDMRUIRUPVLQZKLFKDQLPDOVDFULILFHZDV
SHUIRUPHG+RZHYHUWKHUHDUHSOHQW\RIFDVHVGRFXPHQWLQJYDU\LQJTXDQWLWLHVRIQRQGRPHVWLFDQLPDOV
EHLQJVDFULILFHG%DOOLQJHUDQG6WRPSHU(PHU\)LVNHVM|/ySH]/XMiQD
:KLOH,GRQRWDJUHHZLWKDQH[FOXVLRQDU\SHUVSHFWLYHRIDQLPDOVDFULILFHWRHQFRPSDVVRQO\
GRPHVWLFDQLPDOV,GRILQG6PLWK¶VDUJXPHQWIRUWKHVHOHFWLYHNLOOWREHLPSRUWDQWLQWKHSUHVHQW
GLVFXVVLRQ7KHLGHDRIWKHVHOHFWLYHNLOOLQFRQWUDVWWRWKHIRUWXLWRXVNLOOEULQJVWRWKHIRUHIURQWWKH
VHOHFWLRQSURFHVVZKHUHE\WKHKXPDQVPXVWHVWDEOLVKDQLQWHUSHUVRQDOUHODWLRQVKLSZLWKDSDUWLFXODU
DQLPDOLQGLYLGXDOL]LQJWKHSDUWLFLSDQWDVWKHFKRVHQYLFWLP%\UHDOL]LQJWKHSHUVRQKRRGRIWKHDQLPDO
WKHULWXDOSUDFWLWLRQHUHVWDEOLVKHVDUHODWLRQVKLSWKDWPD\EHGRPLQDQWWR±DVDUJXHGE\6PLWKWKURXJKWKH
SURFHVVRIGRPHVWLFDWLRQ±HTXLYDOHQWWRRUVXERUGLQDWHWRWKHYLFWLPLQTXHVWLRQ,DUJXHWKDWZHVKRXOG
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WUDFHWKHQDWXUHDQGSURFHVVRIKRZKXPDQDQLPDOLQWHUSHUVRQDOUHODWLRQVKLSVZHUHIRUPHGLQWKHSDVWWR
XQGHUVWDQGZK\WKHVHDQLPDOVDVLQGLYLGXDOVZHUHWUDQVIRUPHGLQWRYLFWLPVRIVDFULILFHZLWKRXW
DVVXPLQJWKLVFRQQHFWLRQa priori6XFKDQLQYHVWLJDWLRQQHFHVVLWDWHVDV6PLWKKDVDUJXHGD
³WKLFNGHVFULSWLRQ´RIH[HPSODU\ULWXDOSURFHVVHVDQGHQVHPEOHV=RRDUFKDHRORJLFDOVWXGLHVDUH
SDUWLFXODUO\HIIHFWLYHLQGHILQLQJZKDWVRUWRILQWHUSHUVRQDOUHODWLRQVKLSVZHUHIRUPHGRQHRIZKLFKPD\
EHWKHSURFHVVRIGRPHVWLFDWLRQ,QWKHIROORZLQJVHFWLRQ,XWLOL]HH[DPSOHVRIKXPDQVDFULILFHDVDPRGHO
IRUXQGHUVWDQGLQJDQLPDOVDFULILFHEHFDXVHWKHUHDUHULFKHWKQRKLVWRULFDOGDWDWKDWDOORZXVWRXQGHUVWDQG
WKLVFRQVHFUDWLRQSURFHVVLQGHWDLO
6RKRZZHUHDQLPDOVµVHWDSDUW¶"+RZGLGWKH\XQGHUJRDVHOHFWLRQSURFHVV"3DWWRQ
DUJXHVWKDWWKHVHOHFWLRQSURFHVVEHJLQVIURPWKHYHU\EHJLQQLQJZKHUHWKHYLFWLPZDVSHUIHFWHGRU
EHDXWLILHGDVRQO\WKHIODZOHVVYLFWLPLVDSWWRUHDFKDVWDWHRIGHDWKOHVVQHVVEHFRPLQJ³OLNHWKHJRGV´
DQGPDNLQJWKHPWKHDSSURSULDWHHVFKDWRORJLFDOYLFWLPVRIVDFULILFH&DUUDVFRDKDVGHVFULEHGWKLV
SURFHVVGXULQJWKHVHOHFWLRQSURFHVVRIWKHVDFULILFLDOYLFWLPLQWKH7R[FDWOIHVWLYDO$PDOHZDUULRU
FDSWLYHLVVHOHFWHGDVWKHSHUIHFWDUFKHW\SHWREHFRPH³teteo imixiptlahuan´DGHLW\LPSHUVRQDWRULQWKLV
FDVHRIWKHJRG7H]FDWOLSRFD9HU\GHWDLOHGFULWHULDIRUWKHJRG¶V³KXPDQIRUP´DUHODLGRXWLQWKH
)ORUHQWLQHFRGH[VWDWLQJWKDWWKHYLFWLP³«ZKRKDGQRIODZZKRKDGQR>ERGLO\@GHIHFWVZKRKDGQR
EOHPLVKZKRKDGQRPDUN«´ZDVVHOHFWHG6DKDJ~Q
2QFHWKLVYLFWLPLVFKRVHQWKHUHLVDWUDQVIRUPDWLRQLQWKHVRFLDOLGHQWLW\RIWKHLQGLYLGXDOWKDWLV
GHILQHGE\WKHLQWHUSHUVRQDOUHODWLRQVKLSVWKDWDUHIRUPHG,QWKHFDVHRIWKH7R[FDWOIHVWLYDOWKHGHLW\
LPSHUVRQDWRUOLYHVDVWKHJRG7H]FDWOLSRFDZLWKLQWKHFLW\$VKHLVWUDQVIRUPHGLQWRDJRGO\DUFKHW\SH
WKURXJKSK\VLFDOWUDLQLQJLQ$]WHFDUWVHQMR\LQJWKHJUHDWHVWRIOX[XULHVKHHPERGLHVWKLVQHZLGHQWLW\DV
KHLVSDUDGHGWKURXJKRXWWKHHPSLUHWUDQVIRUPLQJWKHODQGVFDSHLQWRULWXDOL]HGSODFHV&DUUDVFRD
7KHPRYHPHQWRIWKHGHLW\LPSHUVRQDWRUIURPFHQWHUWRSHULSKHU\DQGEDFNDJDLQWRWKHFHUHPRQLDOFRUH
ZDVHVVHQWLDOWREULGJLQJWKLVERXQGDU\EHWZHHQFHQWHUDQGSHULSKHU\VHUYLQJDVDZREEOLQJSLYRWWKDW
ULWXDOL]HGWKHHQWLUHODQGVFDSH&DUUDVFRE,WLVWKURXJKWKHGDLO\LQWHUSHUVRQDOLQWHUDFWLRQVEHWZHHQ
WKHGHLW\LPSHUVRQDWRUDQGWKHUHVWRI$]WHFVRFLHW\WKDWWKHYLFWLPEHFRPHV7H]FDOWLSRFDHPSRZHUHGE\
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WKHDELOLW\WRWUDQVIRUPWKHODQGVFDSH'XULQJWKLVSURFHVVWKHLPDJHRI7H]FDWOLSRFDEHFDPH³DOLYH´
WKURXJKWKHYLFWLP¶VERGLO\PDQLIHVWDWLRQ
'XULQJWKHVDFULILFLDODFWWKHUHLVDVRFDOOHG³ILFWLRQRIZLOOLQJQHVV´E\WKHVDFULILFLDOYLFWLP
3DWWRQ7KHYLFWLPPXVWQHFHVVDULO\QHYHUEHGLYHVWHGRILWVDJHQF\IUHHZLOODQGDWOHDVWLQWKHRU\
PXVWDFFHSWWKLVUROH%HLQJLGHQWLILHGDVDGHLW\LPSHUVRQDWRUKDGLWVDGYDQWDJHVQRWRQO\GXULQJWKHWLPH
VSHQWOLWHUDOO\OLYLQJOLNHDJRGEXWDOVRLQWKDWLWFDXVHGWKHLQGLYLGXDOWREHFRPHLPPRUWDODQGEURXJKW
EHQHILWVWRKLVIDPLO\'RFXPHQWVUHFRUGWKDWGHLW\LPSHUVRQDWRUVZRXOGYROXQWDULO\ZDONXSWKHVWHSVRI
WKHPDLQWHPSOHRIWKHFLW\FHQWHURI&KDOFR7KHUHKLVKHDUWZDVH[WUDFWHGKHZDVEHKHDGHGDQGKLV
VNXOOZDVSODFHGRQWKHtzompantliRUVNXOOUDFN&DUUDVFRD6DKDJ~Q:KLOHRWKHUVRXUFHV
VXJJHVWWKDWWKHYLFWLP¶VZLOOLQJQHVVYDULHGJUHDWO\&DUUDVFRDVRFLDOSUHVVXUHVLQWRHPERG\LQJ
WKLVUROHDVDGHLW\DUHDSSDUHQW3DWWRQJLYHVH[DPSOHVLQZKLFKWKHRUHWLFDODQLPDOFRQVHQWLV
VLPXODWHGWKURXJKVSULQNOLQJZDWHUXSRQWKHKHDGVRIDQFLHQW*UHHNthusiaDQGDQFLHQW,UDHOLWHqorban 
‘olahULWXDOVPDNLQJWKHDQLPDOVDSSHDUWRQRGLQDVVHQW6LPLODUO\LIKXQWLQJULWXDOVFDQEHFDWHJRUL]HG
DVDIRUPRIVDFULILFHWKH\DUHXVXDOO\XQGHUVWRRGDVIRUPVRIDFFHSWDQFHHLWKHUE\WKHSUH\VSHFLHLWVHOI
RUE\WKHPDVWHURIDQLPDOVWKDWFRQWUROVWKHVHDQLPDOVZKRSHUPLWVWKHSUH\WREHKXQWHGDQGNLOOHG
%URZQDQG(PHU\+LOO
7KHHPERGLPHQWRIWKHGHLW\LPSHUVRQDWRUDVDJRGPDNHVXVFRQVLGHUWKHVRFLDOLPSOLFDWLRQVRI
WKHYLFWLP¶VERG\7KHFRQVHFUDWLRQDQGHPERGLPHQWSURFHVVRIWKHYLFWLPUHVXOWVLQWKHGHDWKRIQRWWKH
VDFULILFLDOKXPDQYLFWLPEXWWKHVDFULILFHRIJRGKLPVHOI/ySH]$XVWLQ7KHFDUHLQ
ZKLFKWKHVDFULILFLDOYLFWLP¶VFRUSXVHPERG\LQJWKHGHLW\LVWUHDWHGFDUHIXOO\EURXJKWGRZQIURPWKH
WHPSOHLQVWHDGRIUROOHGGRZQWKHWHPSOHVWHSVDQGWKHYHQHUDWLRQRIWKHVNXOOLQWKHFHUHPRQLDOFHQWHUDV
SDUWRIWKHVNXOOUDFNDOOGHPRQVWUDWHDQHPSKDVLVRQWKHERGLO\WUDFHVRIWKHVDFULILFLDODFW
5HYLHZLQJWKHDQDO\VLVRIWKH7R[FDWOIHVWLYDOE\&DUUDVFRZHFDQLQWHUSUHWWKH
WUDQVIRUPDWLRQRIDZDUULRUFDSWLYHLQWRDGHLW\LPSHUVRQDWRUDVWKHSURFHVVE\ZKLFKWKHYLFWLPZDVVHW
DSDUWXQGHUJRLQJDKLHURSKDQ\LQRUGHUWREHFRPHWKHXOWLPDWHVDFULILFLDOYLFWLPWKHGHLW\7H]FDWOLSRFD
KLPVHOI6LPLODUO\DQLPDOVDFULILFHLVWKHSURFHVVE\ZKLFKDQDQRQ\PRXVDQLPDORUJURXSRIDQLPDOV
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DUHVLQJOHGRXWUHVXOWLQJLQVXSUHPHHIILFDF\IRUJLYLQJWKHPDJHQF\SXUSRVHLGHQWLW\DQGPHWDSK\VLFDO
VWDQGLQJ3DWWRQ7KHDQLPDOEHFRPHVDµSHUVRQ¶JDLQLQJSHUVSHFWLYHDQGVRFLDODJHQF\
1RZKRZFDQWKLVSURFHVVEHUHFRUGHGDUFKDHRORJLFDOO\",DUJXHWKDWEHFDXVHWKHFRQVHFUDWLRQ
SURFHVVLVPDUNHGE\WKHHVWDEOLVKPHQWRILQWHUSHUVRQDOLQWHUDFWLRQVSK\VLFDOPDQLIHVWDWLRQVRIWKHVH
LQWHUDFWLRQVHWFKHGLQWRWKHERGLO\PDWHULDOUHPDLQVDUHHIIHFWLYHSODFHVWRORRN)DXQDOUHPDLQVFDQ
UHFRUGKRZDQLPDOWD[DRUFDWHJRULHVZHUHYDORUL]HG/RRNLQJDWDJHVH[DQGRWKHUYLVXDOFXHVPD\
LOOXVWUDWHZKDWWKHPDMRUPRWLYDWLRQVZHUHEHKLQGWKHVHOHFWLRQSURFHVVDQGDOORZXVWRUHFRUGFKDQJHVRU
RULJLQVLQWKHVDFULILFLDOSUDFWLFHVDQGWKHLUPRWLYDWLRQV5XVVHOOE0DQ\RIWKHPDWHULDOVIURPWKH
GHGLFDWRU\FDFKHVDW7HRWLKXDFDQDUHXQLTXHLQWKHULFKFRQWH[WXDOGDWDWKDWDOORZVXVWRUHFRQVWUXFW
FRPSOHWHOLIHKLVWRULHVRIWKHLQGLYLGXDOV6XFKUHFRQVWUXFWLRQVLQFOXGHWUDFHVRISK\VLFDOKXPDQDQLPDO
LQWHUDFWLRQVWKURXJKRXWWKHULWXDOL]DWLRQSURFHVV7KHVHLQYHVWLJDWLRQVDVGLVFXVVHGLQ&KDSWHU
GHPRQVWUDWHDFRPSOH[SLFWXUHRIDKHWHURJHQHRXVSRSXODWLRQWKDWLQFOXGHGDQLPDOVSUREDEO\NHSWLQ
FDSWLYLW\IRUH[WHQVLYHSHULRGVRIWLPH+RZVXFKHYLGHQFHIRUFDSWLYLW\DQGFRQILQHPHQWVKRXOGEH
LQWHUSUHWHGZLWKLQWKHULWXDOVSHFWDFOHQHFHVVDULO\PXVWWDNHLQWRFRQVLGHUDWLRQWKLVSURFHVVRIVHWWLQJWKHVH
DQLPDOVDSDUWIURPQDWXUDOODQGVFDSHLQWRWKHHQFXOWXUHGODQGVFDSHRI7HRWLKXDFDQ 
Animal Products 
,WLVLPSRVVLEOHWRLVRODWHDQDQLPDOSURGXFWIURPWKHFRQFHSWXDOL]DWLRQRIWKHDQLPDODVWKH
HOHPHQWHPERGLHVWKHZKROH$QLPDOVDQGDQLPDOJXDUGLDQVZHUHKLJKO\DZDUHRIWKHLUERGLHVDQG
VHQVHGZKHUHDQGKRZWKHERG\SDUWVZHUHWUHDWHGDQGGLVWULEXWHG+LOO7KH+LJKODQG0D\D
H[SODLQGXULQJKXQWLQJULWXDOVWKDWDIWHUWKHVXFFHVVIXOKXQWDOOHOHPHQWVRIWKHSUH\PXVWEHUHWXUQHGWR
WKHKXQWLQJVKULQHWDNLQJVSHFLDOFDUHQRWWROHDYHEXWFKHU\PDUNVRQWKHVNHOHWDOUHPDLQV%URZQDQG
(PHU\7KLVLVEHFDXVHDVDQLQWHUYLHZE\%URZQDQG(PHU\DWWKH0D\DYLOODJHRI6DQ3DEOROD
/DJXQDGRFXPHQWVWKHDQLPDOJXDUGLDQ³PDNHVDQHZDQLPDOIURPHDFKERQH\RXUHWXUQHYHQWKH
VPDOOHVWWRHERQH7KDWLVZK\\RXKDYHWRUHWXUQWKHPDOO´%URZQDQG(PHU\7KLVGHPRQVWUDWHV
WKDWWKHSURFXUHPHQWXVHDQGGHSRVLWLRQRISDUWLFXODUDQLPDOVZHUHRSHUDWLQJZLWKLQWKHSUHVFULEHGVRFLDO
UXOHVDQGUHJXODWLRQVZLWKLQSDUWLFXODUVSDWLDODQGWHPSRUDOFRQVWUDLQWV
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$VDQLPDOERG\SDUWVUHSUHVHQWWKHZKROHDQLPDOSURGXFWVVXFKDVERQHWHHWKSHOWVIHDWKHUVRU
HYHQUHSUHVHQWDWLRQVRIWKHDQLPDOZHUHµSHUVRQV¶WKDWZHUHFRPSOH[HQWLWLHVFDSDEOHRIEHVWRZLQJ
HQWDQJOHGPHDQLQJVDQGSHUVSHFWLYHV9LYHLURVGH&DVWUR7KH\EHFDPHPQHPRQLFGHYLFHVDQG
LQVWUXPHQWVFRPSRVHGRI³ZD\VRISHUFHLYLQJDQGDFWLQJLQWKHZRUOG´&RQQHOOHU)XUWKHUPRUH
DQLPDOERG\SDUWVZHUHFRQVLGHUHGDVPHGLDWRUVIRUFRPPXQLFDWLRQRUWUDQVIRUPDWLRQLQWRVSLULWDQLPDOV
.QDE)RUH[DPSOH&RQQHOOHUKDVUHFRUGHGKRZWKHPDQLSXODWLRQDQGZHDULQJRIWKHUHG
GHHUDQWOHUVVWLPXODWHGWKHZHDUHUWRH[SHULHQFHWKHERG\DQGSHUVSHFWLYHRIDUHGGHHU6XFK
WUDQVIRUPDWLRQVHQDEOHWKHVXFFHVVRIDKXQW0F1LYHQ)RUH[DPSOHSRVVHVVLRQRIVKDUNWHHWK
HQDEOHGDFFHVVWRFHUWDLQVXSHUQDWXUDODELOLWLHVRIWKDWSRWHQWSUHGDWRU%HWWVHWDO-XVWOLNHWKH
KXQWHUWKHMDJXDURUHDJOHZDUULRUVWKHEUDYHVWZDUULRUVLQWKH$]WHFHPSLUHGUHVVHGLQHODERUDWHDQLPDO
FRVWXPHVDQGZHUHVDLGWRSRVVHVVWKHFXQQLQJVNLOOVRIWKRVHYHU\SUHGDWRUVRQWKHEDWWOHILHOG
$QLPDOERGLHVDOVRSURWHFWHGDQGDQLPDWHGLPSRUWDQWEXLOGLQJVPDUNLQJWKHPDVSODFHVRQWKH
ODQGVFDSH/RRNLQJDWWKHVSHFLHVYDULDELOLW\DPRQJ1HROLWKLFPLGGHQDQGEXULDOGHSRVLWV-RQHV
DUJXHVWKDWWKHGHSRVLWLRQRIVSHFLILFV\PEROLFDQLPDOUHPDLQVSDUWLFXODUO\ODUJHERGLHGFDUQLYRUHVZHUH
FHQWUDOWRWKHSURGXFWLRQDQGGHILQLWLRQRIWKHSODFH7KLVSURFHVV³LQYROYHGWKHDSSURSULDWLRQRIFHUWDLQ
SRZHUIXODQGVSHFLDODQLPDOVZKLFKZHUHSDUWRIWKHOLYHGDQGHQFXOWXUHGODQGVFDSHDQGLQGLFDWHVWKH
KLJKO\VSHFLILFLGHQWLWLHVFRQVWUXFWHGEHWZHHQSHRSOHWKHODQGVFDSHDQGDQLPDOVZKLFKLQVRPHFDVHV
LQYROYHGUHGHILQLQJWKHRQWRORJLFDODQGVSDWLDOUHODWLRQVKLSVDVVRFLDWHGZLWKWKHERQHVRIWKHGHDGWKURXJK
WKHPHGLXPRIWKHWRSRJUDSK\RIWKHODQGVFDSH´-RQHV,QPDQ\FDVHVDQLPDOERGLHVDUH
OLWHUDOO\HPEHGGHGZLWKLQWKHSODFHVDVVHHQE\WKHZKDOHDQGFDWWOHUHPDLQVIRXQGLQEHWZHHQMXQFWXUHV
ZLWKLQWKHZDOOSDVVDJHDQGURRIVDW6NDUD%UDHDQG3LHURZDOO4XDUU\-RQHV0HVNHOO
IRXQGVLPLODUDVVHPEODJHRIDQLPDOVNXOOVEHLQJIL[HGLQWRZDOOVDQGIHDWXUHVDWdDWDOK|\N7KXVWKLV
GLVVHUWDWLRQTXHVWLRQHGZKDWERG\SDUWVRIZKLFKVSHFLHVZHUHXWLOL]HGLQWKHULWXDOVSHFWDFOHDQGKRZ
WKHVHIDXQDODUWLIDFWVFRQWULEXWHGWRWKHULWXDOL]HGSHUIRUPDQFHV


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5LWXDOL]HG$QLPDOV
 7KLVFKDSWHUVHWVWKHVWDJHIRUWKHULWXDOVSHFWDFOHLQWKHFHUHPRQLDOFRUHRI7HRWLKXDFDQ,W
GHILQHVWKHPDLQWKHRUHWLFDOFRQVWUXFWVXQGHUWDNHQLQWKHSUHVHQWVWXG\ZKLFKLOOXVWUDWHVKRZDEVWUDFW
PHDQLQJVDQGSHUVSHFWLYHVRIULWXDOVFDQEHUHFRYHUHGWKURXJKPDWHULDOFRUUHODWHVLQWKH
]RRDUFKDHRORJLFDOGDWDVHW5LWXDOVDUHXQGHUVWRRGDVDSHUIRUPDWLYHDFWZKHUHE\SDUWLFLSDQWVHQJDJHLQ
PHDQLQJIXODFWLRQV6XFKDSDUDGLJPKLJKOLJKWVWKHVLJQLILFDQFHRIWKHSHUIRUPDWLYHDFWDFFHVVLEOH
WKURXJKLGHQWLILFDWLRQRINH\V\PEROVWKDWDUHFRQVWUXFWHGWKURXJKWKHDFWLRQVRIWKHSDUWLFLSDQWVZLWKLQ
WKHRUJDQL]HGVSDFH7KLVSDUDGLJPEULQJVWRWKHIRUHIURQWWKHSURGXFWLRQRIWKHWKHDWULFDOHYHQWDORQJ
ZLWKLWVVWDJHQRWDVDHSLSKHQRPHQDOVRFLDOSURFHVVEXWDVWKHGULYLQJIRUFHWKDWFUHDWHVFRQFUHWL]HVDQG
WUDQVIRUPVVRFLDOUHODWLRQV,QRPDWDDQG&REHQ6XFKVSDFHVDUHSURGXFHGE\ʊDQGIRUʊWKH
ULWXDOVSHFWDFOHZKHUHE\WKH\EHFRPHSODFHVHPEHGGHGLQWKHDV\PPHWULFDOFXOWXUDOODQGVFDSH$OOVXFK
PHDQLQJEXLOGLQJWKURXJKWKHLQWHUDFWLRQRIV\PEROVLQSODFHVLVPLWLJDWHGE\WKHSDUWLFLSDQWVZKR
EHFRPHWKHPDLQDFWRUVWKDWSURGXFHUHLI\DQGWUDQVIRUPWKHVRFLDOODQGVFDSH,QWKHUHPDLQGHURIWKH
GLVVHUWDWLRQ,LQYHVWLJDWHWKHUROHRIDQLPDOVLQVXFKVWDWHVSHFWDFOHVDVNH\V\PEROVDVHPSRZHUHG
VXEMHFWVDVHVFKDWRORJLFDOYLFWLPVRIVDFULILFHDVDQLPDOSURGXFWVWKDWHPERGLHGVXFKLGHQWLWLHVWKDWDOO
FRQWULEXWHGWRWKHVXFFHVVRIWKHWKHDWULFDOHYHQW7KH]RRDUFKDHRORJLFDOGDWDVHWZDVNH\LQUHFRQVWUXFWLQJ
WKHULWXDOL]HGSURFHVVWKDWVXFKDQLPDODQGDQLPDOPHGLXPVXQGHUZHQWVLWXDWHGZLWKLQWKHULFK
DUFKDHRORJLFDOFRQWH[WXDOGDWDVHWWKDWDOORZVXVWRHYDOXDWHKRZKXPDQVLQWHUDFWHGZLWKDQGSHUFHLYHG
DQLPDOVDWWKHDQFLHQWPHWURSROLV
'HWDLOHGUHFRQVWUXFWLRQVRIKRZDQLPDOLGHQWLWLHVZHUHFRQVWUXFWHGUHTXLUHGDFORVHUHYLVLRQRI
KRZHDFKVSHFLHVZDVFRQFHSWXDOL]HGLQ0HVRDPHULFDXWLOL]LQJHWKQRJUDSKLFHWKQRKLVWRULFLFRQRJUDSKLF
DQGELRORJLFDOGDWD7KHSDUWLFXODU]RRDUFKDHRORJLFDOUHPDLQVRIWKHVDFULILFLDOYLFWLPVZDVDQDO\]HGWR
UHFRQVWUXFWLQGLYLGXDOOLIHKLVWRULHVRIWKHDQLPDOVVDFULILFHGLQWKHULWXDOVSHFWDFOHDW7HRWLKXDFDQWR
XQGHUVWDQGKRZWKHVHDQLPDOVFDPHWREHDFWLYHSDUWLFLSDQWV&KDSWHU6LPLODUO\DGHWDLOHG
UHFRQVWUXFWLRQRIWKHULWXDOL]HGSURGXFWLRQRIDQLPDOERGLHVH[DPLQHGKRZVRPHDUWLIDFWVEHFDPH
HQWDQJOHGREMHFWVZLWKLQWKHFRPSOH[ZHERIRIIHUWRU\UHPDLQVLQGHGLFDWLRQFDFKHV&KDSWHU*LYHQ
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WKHGLDFKURQLFDQGV\QFKURQLFQDWXUHRIWKH]RRDUFKDHRORJLFDODVVHPEODJHLQFOXGLQJIDXQDOUHPDLQVIURP
WZRPRQXPHQWVWKH0RRQ3\UDPLGDQG6XQ3\UDPLGDQGIURPGLIIHUHQWFRQVWUXFWLRQVWDJHVVSDWLDODQG
WHPSRUDOGLIIHUHQFHVDPRQJWKHWZRPRQXPHQWVDFURVVWLPHDUHFRQVLGHUHG6XFKDGDWDVHWSURYLGHV
SRWHQWLDOIRULGHQWLI\LQJFKDQJHVRYHUWLPHDQGVSDFHUHJDUGLQJKRZWKHUHODWLRQVDPRQJWKHSDUWLFLSDQWV
SDUWLFXODUO\EHWZHHQDQLPDOVDQGKXPDQVFKDQJHGWKURXJKWKHVKLIWLQJG\QDPLFVRFLRFXOWXUDOODQGVFDSH
DW7HRWLKXDFDQ
45
&+$37(5
([FDYDWLRQ&RQWH[WV6LWXDWLQJWKH5LWXDO
$WWKHFLYLFFHUHPRQLDOFHQWHURI7HRWLKXDFDQWKUHHPDMRUPRQXPHQWVSUHYDLOWKHFXOWXUDO
ODQGVFDSHDVPDMRULFRQVRIVWDWHPLOLWDULVPDQGGRPLQDWLRQ7KLVFHUHPRQLDOFRUHZLWKLWVSDUDPRXQW
PRQXPHQWVLVWKHFHQWUDOVHWWLQJRIWKLVGLVVHUWDWLRQDQGLWVFKURQRORJLFDOVSDWLDODQGFXOWXUDOFRQWH[W
IURPZKLFKWKHIDXQDODVVHPEODJHZDVGLVFRYHUHGPXVWEHGHVFULEHG$FRKHUHQWVWDWHUHOLJLRXVLGHRORJ\
VXFFHVVIXOZDUIDUHDQGFKDULVPDWLFUXOHUVKLSDOODVSHFWVWKDWZHUHLQWHJUDOWRWKHGHYHORSPHQWRIDQ
HIIHFWLYHDQGH[SDQGLQJVWDWHZHUHH[SUHVVHGDWWKHULWXDOSUHFLQFWWKURXJKWKHFRQVWUXFWLRQRIWKH
FHUHPRQLDOODQGVFDSH'XULQJLWVSURGXFWLRQODUJHVFDOHGHGLFDWRU\RIIHULQJVZHUHHPEHGGHGLQVLGHWKH
PRQXPHQWV7KLVFKDSWHUVLWXDWHVWKHVHS\UDPLGVZLWKLQWKHG\QDPLFVRFLRSROLWLFDOODQGVFDSHRI
7HRWLKXDFDQEHJLQQLQJZLWKDEULHIEDFNJURXQGRIWKHFLW\LWVHOIFRQFHQWUDWLQJRQWKHPDMRUPRQXPHQWV
WKDWDUHWKHVXEMHFWRIWKLVGLVVHUWDWLRQ%\FRQWH[WXDOL]LQJWKHVHPRQXPHQWVLQWR7HRWLKXDFDQ¶VVRFLR
SROLWLFDOKLVWRU\DGLUHFWDVVRFLDWLRQEHWZHHQWKHSURGXFWLRQRIWKHPRQXPHQWDQGVWDWHHPSRZHUPHQW
FDQEHWUDFHG7KXV,DUJXHWKDWWKHPHDQLQJEHKLQGWKHVHPRQXPHQWVSDUWLFXODUO\IRUNH\V\PEROVOLNH
WKHIDXQDGLVFXVVHGLQWKLVGLVVHUWDWLRQZDVUHLILHGGXULQJWKHULWXDOL]HGSURGXFWLRQRIWKHVHKLJKO\
HPSRZHUHGSODFHV
7KH1DWXUDO(QYLURQPHQW
7KH%DVLQRI0H[LFRZKHUHWKH7HRWLKXDFDQ9DOOH\LVORFDWHGLVFKDUDFWHUL]HGDVDWHPSHUDWH
VHPLDULGHQYLURQPHQWLQWKHKLJKODQGSODWHDXDWDQHOHYDWLRQRIPHWHUV,WLVRQHRIPDQ\FORVHG
EDVLQVZLWKLQWKH9ROFDQLF&RUGLOOHUDIRUPHGE\WKHPXOWLWXGHRIYROFDQLFDFWLYDWHVWKDWWUDQVYHUVH
EHWZHHQWKH%DMLRUHJLRQWRWKHQRUWKDQGWKH5LR%DOVDVEDVLQWRWKHVRXWK/HRSROG7KH
7HRWLKXDFDQ9DOOH\LVWKXVVXUURXQGHGE\PRXQWDLQVDQGYROFDQRHVPDQ\RIZKLFKDUHSODFHGLQGLUHFW
DVVRFLDWLRQWRVRPHRIWKHPDMRUPRQXPHQWVDW7HRWLKXDFDQ*DPLR
$VZLWKWKHUHVWRI0H[LFRWKHZHWDQGGU\VHDVRQDUHNH\LQXQGHUVWDQGLQJWKHDJULFXOWXUDOF\FOH
DW7HRWLKXDFDQZLWKFROGDQGGU\ZLQWHUVDQGZDUPDQGZHWVXPPHUVWKDWEULQJDERXWPRUHWKDQRI
WKHDQQXDOSUHFLSLWDWLRQ6DQGHUVHWDO5DLQIDOOUDQJHVZLWKLQWKH%DVLQRI0H[LFRIURPWKH
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ZHWWHUVRXWKZHVWHUQPRXQWDLQVUHFHLYLQJPRUHWKDQPPWRWKHPRUHDULGQRUWKHDVWHUQSODLQV
UHFRUGLQJMXVWPP7KH7HRWLKXDFDQ9DOOH\LVRQHRIWKHGULHUDUHDVDYHUDJLQJRQO\FDPP
DQQXDOSUHFLSLWDWLRQ6DQGHUVHWDO6WDUEXFN6XFKFKDQJHVLQWKHZHWDQGGU\VHDVRQV
WKDWZDVPDUNHGE\GLYLVLRQVLQWKH0HVRDPHULFDQFDOHQGULFF\FOHRIDQGGD\VHSDUDWLRQLVVDLG
WRKDYHEHHQH[SUHVVHGLQWKHPRQXPHQWDOFHQWHURI7HRWLKXDFDQSDUWLFXODUO\LQWKHGLPHQVLRQVRIWKH
6XQ3\UDPLGDQGWKH0RRQ3\UDPLG%XLOGLQJ6XJL\DPDE
0H[LFRGHVLJQDWHGDVRQHRIWKHPHJDGLYHUVHFRXQWULHVRIWKHZRUOGFRQWDLQVDELRPH
HQRUPRXVO\ULFKLQIDXQDODQGIORUDOGLYHUVLW\EHFDXVHWZRPDMRUELRJHRJUDSKLFDO]RQHVWUDQVLWLRQMXVW
VRXWKRIWKH0H[LFDQ%DVLQWKH1HDUFWLFUHDOWRWKHQRUWKZKHUH7HRWLKXDFDQLVORFDWHGDQGWKH
1HRWURSLFDO]RQHVWRWKHVRXWK5DPDPRRUWK\HWDO7KHGLYHUVLW\SUHVHQWLQWKH%DVLQRI0H[LFR
GXULQJWKH7HRWLKXDFDQRFFXSDWLRQZLWKDSSUR[LPDWHO\VSHFLHVRIYHUWHEUDWHVZDVVXSSRUWHGE\WKH
YDULHGJHRJUDSKLFDOODQGVFDSHWKDWLQFOXGHGWXQGUDGHVHUWDQGODNHV\VWHPVWKDWZDVDPSOLILHGE\DFFHVV
WRDGUDVWLFDOO\GLVWLQFW1HRWURSLFDO]RQHLPPHGLDWHO\WRWKHVRXWKRIWKLVUHJLRQ9DODGH]$]~D
*DPLRZDVRQHRIWKHILUVWWRFRPHXSZLWKDFRPSUHKHQVLYHOLVWRIVRPHRIWKHIORUDODQG
IDXQDOGLYHUVLW\IRXQGLQWKH7HRWLKXDFDQ9DOOH\DQGKDVEHHQLPSRUWDQWUHVRXUFHWRUHFRQVWUXFWWKH
HQYLURQPHQWDOFRQGLWLRQVGXULQJWKHHDUO\WKFHQWXU\SULRUWRWKHPDVVLYHSRSXODWLRQH[SDQVLRQ
REVHUYHGWRGD\
&HUWDLQO\WKLVPHJDGLYHUVHODQGVFDSHZDVH[WHQVLYHO\LQFRUSRUDWHGLQWRWKHLUVXEVLVWHQFHVWUDWHJ\
IHHGLQJRQORFDOO\DYDLODEOHZLOGSODQWVDQGDQLPDOVWRVXSSOHPHQWWKHDJULFXOWXUDOSURGXFWVDQGGRPHVWLF
DQLPDOVWKDWLQFOXGHGWKHGRJDQGWXUNH\6WDUEXFN9DODGH]$]~D,WLVLPSRUWDQWWRQRWHWKDW
GHVSLWHWKHODFNRIODUJHGRPHVWLFOLYHVWRFNPRUHVWXGLHVDUHDOOXGLQJWRWKHLPSRUWDQFHRIVPDOO
KRXVHKROGOHYHOEUHHGLQJDQGWDPLQJSUDFWLFHVWKDWVXSSOHPHQWHGZLOGUHVRXUFHVWKURXJKRXW0HVRDPHULFD
0F&OXQJGH7DSLDDQG6XJL\DPD7KLVZDVSUREDEO\DOVRSUDFWLFHGLQWKHXUEDQVHWWOHPHQWVDW
7HRWLKXDFDQ6XJL\DPDHWDO9DODGH]$]~D6RPHRIWKHPDMRUIDXQDOUHVRXUFHVXWLOL]HGLQ
WKLVDQFLHQWFLW\LQFOXGHGZKLWHWDLOHGGHHUOdocoileus virginianusUDEELWDQGWKHKDUH/DJDPRUSKD
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GRJCanis lupus domesticusWXUNH\Meleagris gallopavoDQGYDULRXVVSHFLHVRIELUGVSDUWLFXODUO\
ZDWHUIRZOVXFKDVGXFNV6DQGHUVHWDO6WDUEXFN9DODGH]$]~D
:LWKLQWKH%DVLQRI0H[LFRDVHULHVRIILYHODNHV\VWHPVZRXOGKDYHVXSSOHPHQWHGWKHQDWXUDO
UHVRXUFHVDYDLODEOHLQWKHVHPLDULGKLJKODQGV7KLVH[WHQVLYHODNHV\VWHPVLQWKLV0H[LFDQ3ODWHDXKRVWV
WKRXVDQGVRIPLJUDWRU\ZDWHUIRZO+RZHOODQG:HEE$PSOHHWKQRKLVWRULFHYLGHQFHGXULQJWKH
WLPHRI6SDQLVKFRQTXHVWGRFXPHQWVWKHUHOLDQFHRQERWKIUHVKZDWHUDQGVDOLQHUHVRXUFHVVXFKDVILVK
ZDWHUIRZOPLJUDWRU\ELUGVFUXVWDFHDQVDQGPROOXVNVWXUWOHVDQGHYHQYDULRXVDTXDWLFLQVHFWVDQGWKHLU
ODUYDH0F&OXQJGH7DSLDDQG6XJL\DPD3DUVRQV6DQGHUVHWDO6LPLODUO\WKHODNH
V\VWHPEURXJKWDERXWDGLYHUVLILFDWLRQRIDTXDWLFDQGODNHVKRUHSODQWUHVRXUFHVVXFKDVUHHGVDQGDOJDH
DOORIZKLFKWKH7HRWLKXDFDQSRSXODFHZRXOGKDYHEHHQDEOHWRDFFHVV)XUWKHUGHWDLOVRQWKH
]RRDUFKDHRORJLFDODVVHPEODJHUHFRUGHGDW7HRWLKXDFDQLVGLVFXVVHGLQWKHIROORZLQJFKDSWHU+RZHYHU
KHUH,QRWHWKDWVXFKORFDOUHVRXUFHVZHUHVXSSOHPHQWHGE\LPSRUWDWLRQRIH[RWLFIDXQD5RGUtJXH]
*DOLFLDSDUWLFXODUO\LQWKHFDVHIRUULWXDOXVDJHLQFOXGLQJVWDWHOHYHOULWXDOV
7KH6RFLR&XOWXUDO/DQGVFDSH
7HRWLKXDFDQLVDZRUOGKHULWDJHVLWHWKDWVSUXQJLQWKHVHPLDULGXSODQGVRI&HQWUDO0H[LFRIURP
WKHILVWFHQWXU\%&WR$')LJXUH7KLVVLWHTXLFNO\GHYHORSHGLQWRDQXUEDQPHWURSROLV
H[WHQGLQJNPZLWKSRSXODWLRQHVWLPDWHVEHWZHHQWRLQKDELWDQWVWKDWUHVLGHGLQZHOO
GHILQHGDSDUWPHQWFRPSOH[HV&RZJLOO0LOORQ,WKDVEHHQDUJXHGWKDW7HRWLKXDFDQ¶V
GUDPDWLFJURZWKZDVPDUNHGGXULQJWKH3DWODFKLTXH%&SKDVHDQGE\WKH7]DFXDOOLSKDVHFD
$'KDGGHYHORSHGLQWRDODUJHPHWURSROLWDQVWDWH0LOORQ%DVHGRQQHZUDGLRFDUERQGDWHV
REWDLQHGIURPWKHLQWHULRURIWKHPRQXPHQWVVHHGLVFXVVLRQEHORZWKLVGLVVHUWDWLRQIRFXVHGRQDSHULRG
ZKHQWKHVWDWHLPSHULDOPRQXPHQWDOFRQVWUXFWLRQSURJUDPZDVDWLWVKHLJKW)URPDURXQG$'
WKH0RRQ3\UDPLGWKH6XQ3\UDPLGDQGWKH)HDWKHUHG6HUSHQW3\UDPLGDOOUHDFKHGDPRQXPHQWDOVFDOH
DQGLWLVGXULQJWKLVPDVVLYHVWDWHVSRQVRUHGSXEOLFZRUNSURJUDPWKDWODUJHGHGLFDWRU\ULWXDOVWRRNSODFH
%\WKLVSRLQW7HRWLKXDFDQ¶VSDUWLFXODURULHQWDWLRQZRXOGKDYHEHHQHVWDEOLVKHG¶HDVWRI

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
)LJXUH0DSRIWKH%DVLQRI0H[LFRZLWKORFDWLRQRI7HRWLKXDFDQKLJKOLJKWHGLQEROG0RGLILHG
IURP&OD\WRQ)LJXUH1RWH6LWHDUHQRWFRQWHPSRUDQHRXVWR7HRWLKXDFDQRFFXSDWLRQ

DVWURQRPLFDOQRUWKDQGWKHFLW\LWVHOIZDVH[SDQGLQJH[SRQHQWLDOO\DOOWKHZKLOH7HRWLKXDFDQVWDWH¶V
SUHVHQFHDWDUHJLRQDOOHYHOZDVUHDFKLQJPD[LPXPH[WHQW
)RURYHUDFHQWXU\WKLVVLWHKDVEHHQWKHFHQWHURILQWHQVLYHDQGH[WHQVLYHLQYHVWLJDWLRQDWERWKWKH
FHUHPRQLDOFRUHDQGLQUHVLGHQWLDOFRPSOH[HVHJ$FRVWD%DWUHV%HUQDO&DEUHUD
&DVWURHWDOD*DPLR/ySH]/XMDQHWDO0DQ]DQLOOD1DLP0LOORQHWDO
6DQGHUV6DQGHUVHWDO6pMRXUQp6XFKUHVHDUFKKDVOHGXVWRXQGHUVWDQGWKHVLWHDVD
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PXOWLHWKQLFPHWURSROLVZLWKDKLJKO\VWUDWLILHGVWDWHWKDWH[SDQGHGLWVLQIOXHQFHWKURXJKRXW0HVRDPHULFD
UHDFKLQJDVIDUVRXWKHDVWDV&RSDQDQGH[WHQGVQRUWKZHVWLQWR1RUWKZHVWHUQ0H[LFR%RYHDQG0DGUDQR
%XVWR)DVKDQG)DVK0LFKHOHWDQG3HUHLUD6WXDUW
(DUO\H[SORUDWLRQVPDLQO\IRFXVHGRQWKHUHFRQVWUXFWLRQFRQVROLGDWLRQDQGPDWHULDOFXOWXUDO
VWXGLHVWRXQGHUVWDQGWKHSULPDU\FRUHRIWKLVPHWURSROLV$FRVWD%DWUHV*DPLR0DMRU
DGYDQFHPHQWVLQRXUXQGHUVWDQGLQJRIWKH7HRWLKXDFDQVHWWOHPHQWSDWWHUQVRFFXUUHGLQWKHVWKURXJK
WZRPDMRUVXUYH\SURMHFWVWKH7HRWLKXDFDQ0DSSLQJ3URMHFWGLUHFWHGE\5HQp0LOORQWKDWLQWHQVLYHO\
VXUYH\HGWKH7HRWLKXDFDQ9DOOH\0LOORQ0LOORQHWDODQG7KH%DVLQRI0H[LFR6HWWOHPHQW
6XUYH\3URMHFWGLUHFWHGE\:LOOLDP6DQGHUVWKDWSODFHG7HRWLKXDFDQZLWKLQDUHJLRQDOFRQWH[W6DQGHUV
HWDO7KHVHVXUYH\VKHOSHGIRUPXODWHDPRUHDFFXUDWHSROLWLFDOKLVWRU\RIWKHVHWWOHPHQWSDWWHUQV
EHIRUHGXULQJDQGDIWHUWKHUDSLGSRSXODWLRQH[SDQVLRQ&RZJLOO6DQGHUVHWDO
6WXGLHVIRFXVLQJRQSDOHRGHPRJUDSK\FUDIWSURGXFWLRQVHWWOHPHQWSDWWHUQVWUDGHHFRQRP\DQG
PRUWXDU\DQDO\VLVKDYHGHPRQVWUDWHGWKDW7HRWLKXDFDQZDVFRPSRVHGRIDKHWHURJHQHRXVSRSXODWLRQLQ
HWKQLFDQGVRFLRHFRQRPLFWHUPV&DEUHUD&RUWpV&OD\WRQ3DGGRFN5REHUWVRQ
6SHQFHDQG*DPERD&DEH]DV6WRUH\:KLWHHWDOE6XUIDFHVXUYH\VDQGVSHFLILF
H[FDYDWLRQVLQUHVLGHQWLDOXQLWVKDYHLGHQWLILHGKXQGUHGVRIFUDIWZRUNVKRSVLQFOXGLQJREVLGLDQFHUDPLFV
VKHOOILJXULQHDQGRWKHUSURGXFWLRQVLWHVWKDWRSHUDWHGZLWKLQWKHFLW\ZLWKKLJKGHJUHHRIVSHFLDOL]DWLRQ
&DEUHUD&RUWpV&DUEDOOR6XOOLYDQ
6RFLDOLGHQWLWLHVZHUHH[SUHVVHGDWWKHDSDUWPHQWFRPSRXQGGLVWLQJXLVKHGE\VSHFLDOL]HG
SURGXFWLRQEXULDOSUDFWLFHVDQGKRXVHKROGOHYHOULWXDOL]HGDFWLYLWLHV&OD\WRQ6XFKFRPSRXQGV
ZHUHVSHFLDOL]HGDQGVWUDWLILHGWKDWZDVDVG\QDPLFDVWKHVRFLRSROLWLFDOODQGVFDSHDWWKHWLPH
H[SDQGLQJDQGFRQWUDFWLQJDVWKHFLW\JUHZ6WXGLHVFHQWHUHGRQKRXVHKROGOHYHOULWXDOKDYHSURYHQVXFK
DFWLYLWLHVZHUHWKHPHDQVE\ZKLFKKRXVHKROGVZHUHLQWHJUDWHGLQWRODUJHUVRFLDOXQLWVRUDVWKHPHDQVWR
GHILQHVRFLDOERXQGDULHVWKDWKLJKOLJKWHGWKHUHOLJLRXVKHWHURJHQHLW\RIWKHSRSXODFH&OD\WRQ7KLV
GLVVHUWDWLRQKRZHYHUIRFXVHVRQRQO\RQHGRPDLQRIUHOLJLRXVFRKHVLRQWKDWRIVWDWHOHYHOULWXDOL]HG
DFWLYLWLHVDWWKHFHUHPRQLDOFRUH
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7KH&HUHPRQLDO&RUH
:KDWGLVWLQJXLVKHV7HRWLKXDFDQIURPRWKHUQHDUE\VLWHVLVWKHDSSDUHQWVFDOHDWZKLFK
PRQXPHQWDOLW\DQGFHQWUDOL]HGXUEDQSODQQLQJZDVFDUULHGRXWWKDWLVYLVLEOHDQGFDQEHH[SHULHQFHGDW
WKHFHUHPRQLDOFRUHWRWKLVGD\&HUWDLQO\WKHVHIDFWRUVKDYHFRQYHUWHGWKLVVLWHLQWRRQHRIWKHZRUOG¶V
PRVWYLVLWHGWRXULVWGHVWLQDWLRQV,WVWLOOVHUYHVDVDSLOJULPDJHFHQWHUSDUWLFXODUO\GXULQJWKHVSULQJ
HTXLQR[ZKHQPLOOLRQVOLWHUDU\IORFNLQWRWKHVLWH7KHVHVWUXFWXUHVDUHOLYLQJPRQXPHQWVVKDSHVKLIWLQJ
ZLWKLQWKHVRFLRSROLWLFDOODQGVFDSHRIWKHWLPH)DVK&RYHULQJDQDUHDDURXQGKD&RZJLOO
WKHFHUHPRQLDOSUHFLQFWLVZKHUHWKHLPSHWXVRIWKHDULVLQJVWDWHZDVPRVWYLYLGO\H[SUHVVHG
WKURXJKWKHVHPRQXPHQWDOZRUNV7KHVSHFLILFRULHQWDWLRQVL]HHYHQKRZWKHPRQXPHQWZDVFRQVWUXFWHG
FRQWULEXWHGWRHIIHFWLYHO\PDWHULDOL]LQJWKHLUFRVPRJUDPHPEHGGLQJWKHFHUHPRQLDOODQGVFDSHZLWKLQD
G\QDPLFDOO\VKLIWLQJFXOWXUDOODQGVFDSH)DVK)DVKHWDO6XJL\DPD
7KHFHUHPRQLDOFHQWHU¶VRULHQWDWLRQLVGHILQHGE\DPDMRUQRUWKVRXWKDYHQXHFDOOHGWKH$YHQXHRIWKH
'HDGWKDWIXQFWLRQHGDVWKHPDLQDFFHVVURXWHWKURXJKWKHFHQWHURIWKHSUHFLQFW7KLVDYHQXHLVIODQNHG
E\WKUHHS\UDPLGVWKH0RRQ3\UDPLGWKH6XQ3\UDPLGDQGWKH)HDWKHUHG6HUSHQW3\UDPLG)63DQGD
VHULHVRISDODFHDQGHOLWHUHVLGHQWLDOVWUXFWXUHV)LJXUH/RFDWHGDWWKHVRXWKHUQH[WUHPHRIWKH
FHUHPRQLDOFRUHDODUJHZDOOGHOLPLWDWHVWKHFLWDGHOLQZKLFKWKH)63VWDQGVLQWZRSDUWVWKHPDLQFRUSXV
RIWKHPRQXPHQWZLWKWKHRULJLQDOIURQWDOIDoDGHZLWKXQGXODWLQJ)HDWKHUHG6HUSHQWLPDJHU\DQGWKH
DGRVDGDSODWIRUPWKDWODWHUFRYHUHGWKLVDQWHULRUVFXOSWXUDOFRPSOH[,QWKHQRUWKHUQVHFWRURIWKH
FHUHPRQLDOSUHFLQFWRQWKHHDVWHUQVLGHRIWKHPDLQ$YHQXHRIWKH'HDGWKH6XQ3\UDPLGZDV
FRQVWUXFWHGIDFLQJZHVWWKDWEHFDPHWKHODUJHVWVWUXFWXUHLQWKH9DOOH\7KH0RRQ3\UDPLGZDVDOLJQHG
DORQJWKHQRUWKHUQOLPLWRIWKHDYHQXHLQIURQWRIWKH&HUUR*RUGR0RXQWDLQSURYLGLQJRQHRIWKHPRVW
JUDQGHXUIHDWXUHVDVRQHZDONVQRUWKDORQJWKHFHQWUDODYHQXHQRUWKZDUGIURPWKHPDLQHQWUDQFH
7KHDUFKDHRORJLFDOSDUNZDVFUHDWHGWKURXJKYDULRXVODUJHVFDOHH[FDYDWLRQDQGUHFRQVWUXFWLRQ
SURMHFWVRYHUWKHFRXUVHRIWKHODVWFHQWXU\EHJLQQLQJZLWKWKHH[SORUDWLRQRIWKH6XQ3\UDPLGE\
/HRSRUGR%DWUHVLQSUHSDUDWLRQRIWKHFHQWHQQLDOHYHQWRIWKH0H[LFDQ,QGHSHQGHQFH)DVK
6LQFHWKLVSLRQHHUEURXJKWKHLJKWHQHGSROLWLFDOLQWHUHVWVWRWKHVLWHRQJRLQJH[FDYDWLRQVKDYH
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
)LJXUH0DSRIWKHFHUHPRQLDOFHQWHURI7HRWLKXDFDQZLWKWKH6XQ3\UDPLG0RRQ3\UDPLGDQG
)HDWKHUHG6HUSHQW3\UDPLGODEHOHG&URSSHGDQGPRGLILHGIURP0LOOLRQHWDO
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FRQWLQXRXVO\XQFRYHUHGFRQVROLGDWHGDQGH[WUDFWHGDUWLIDFWVDWWKHFHUHPRQLDOFRUHWKDWLVWKHEDVLVRI
RXUSUHVHQWXQGHUVWDQGLQJRI7HRWLKXDFDQ
7KHILUVWVFLHQWLILFLQWHUGLVFLSOLQDU\DSSURDFKFDUULHGRXWE\0DQXHO*DPLRLQYHVWLJDWHG
WKHVRFLRFXOWXUDODQGHQYLURQPHQWDOFRQGLWLRQVRIWKH7HRWLKXDFDQ9DOOH\ZKLFKLQFOXGHGH[FDYDWLRQVDW
WZRRIWKHPDMRUPRQXPHQWVWKH6XQ3\UDPLGDQGWKH)HDWKHUHG6HUSHQW3\UDPLG)URPD
H[WHQVLYH,1$+SURMHFWGLUHFWHGE\,JQDFLR%HUQDOH[FDYDWHGDORQJWKHPDMRUQRUWKVRXWKDYHQXHDWWKH
FHUHPRQLDOSUHFLQFWNQRZQDVWKH³$YHQXHRIWKH'HDG´E\LWV$]WHFQDPH$FRVWD%HUQDO
6XEVHTXHQWO\H[WHQVLYHH[FDYDWLRQVE\WKH3UR\HFWR$UTXHROyJLFR7HRWLKXDFDQWDUJHWHGWKHLQYHVWLJDWLRQ
DQGUHVWRUDWLRQRIWKHVRXWKHUQVHFWRURIWKHVLWHIURP&DEUHUD&DVWURHWDODED
7KHVHHDUO\H[SORUDWLRQVXQFRYHUHGPRVWRIWKHSUHYLRXVO\XQH[FDYDWHGWHPSOHVSXEOLFEXLOGLQJVDQG
SDODFHVRYHUDVSDQRINP0DQ\RIWKHVHWHPSOHVIRUH[DPSOHWKH4XHW]DOSDSDORWO3DODFHH[FDYDWHGE\
$FRVWDFRQWDLQHGDPDJQLILFHQWDUUD\RIHODERUDWHPXUDOSDLQWLQJVDQGVWRQHVFXOSWXUHVIURPWKH
FHUHPRQLDOSUHFLQFW6XFKLOOXVWUDWLRQVDOOXGHWRWKHLUULFKLFRQRJUDSKLFWUDGLWLRQ%HUULQ)XHQWH
D0LOOHU
0RUHUHFHQWO\LQWHQVLYHH[FDYDWLRQVDWHDFKRIWKHWKUHHPRQXPHQWDOVWUXFWXUHVKDYHOHGWRD
UHQHZHGXQGHUVWDQGLQJRIWKHFKURQRORJ\DQGRYHUDOOWUDMHFWRU\LQWKHHODERUDWLRQRIWKLVFHUHPRQLDO
FHQWHUVHHGLVFXVVLRQEHORZ7ZRODUJHVFDOHSURMHFWVSURYLGHGWKHIDXQDOFROOHFWLRQDQDO\]HG3UR\HFWR
3LUiPLGHGHOD/XQD33/DQG3URJUDPDGH&RQVHUYDFLyQH,QYHVWLJDFLyQHQHO&RPSOHMR$UTXLWHFWyQLFR
GHOD3LUiPLGHGHO6RO336:KLOHQRGLUHFWDQDO\VLVRIWKH]RRDUFKDHRORJLFDOGDWDVHWZDVFRPSOHWHGE\
P\VHOIIURPWKH)63,UHIHUHQFHPDWHULDOVH[FDYDWHGIURPWKH3UR\HFWR7HPSORGH4XHW]DOFRDWO374
ÈOYDUH]DQG2FDxD9DODGH]$]~DHWDOWRFRPSDUHWKHPWRWKHIDXQDOHYLGHQFHDYDLODEOH
IRUWKHRWKHUWZRPRQXPHQWVWRFRPSOHWHDKROLVWLFXQGHUVWDQGLQJRIWKHXVHRIDQLPDOVDWHDFKRIWKH
WKUHHPRQXPHQWV
7KH0RRQ3\UDPLG
7KH0RRQ3\UDPLGLVWKHVHFRQGODUJHVWS\UDPLGDW7HRWLKXDFDQPHDVXULQJPE\PDW
WKHEDVHDQGPLQKHLJKW7KLVLVWKHRQO\PRQXPHQWVLWXDWHGDORQJWKH$YHQXHRIWKH'HDGDQGLVDW
53
WKHFHQWHURIDODUJHUFRPSOH[FDOOHGWKH0RRQ3\UDPLG3OD]D7KLVSOD]DLQFOXGHVVHYHUDOVWHSSHG
S\UDPLGVVXUURXQGLQJWKHPRQXPHQWDFHQWUDODOWDUSODWIRUPDQGDUHVLGHQWLDODSDUWPHQWFRPSOH[WRWKH
ZHVWWKDWLQFOXGHVWKH4XHW]DOSDSDORWOSDODFHWKH3DWLRRIWKH-DJXDUVDQG7HPSOHRIWKH3OXPHG
&RQFKHV7KHPDMRULW\RIWKHIDXQDOUHPDLQVDQDO\]HGIRUWKLVGLVVHUWDWLRQFRPHIURPWKH0RRQ3\UDPLG
DVLWFRQWDLQHGDVHULHVRIIRXURIIHULQJFDFKHVWKDWLQFRUSRUDWHGVRPHRIWKHPRVWDEXQGDQWIDXQDO
RIIHULQJVUHFRYHUHGDW7HRWLKXDFDQIURPDQ\VLQJOHFRQWH[W$VGLVFXVVHGLQIXUWKHUGHWDLOODWHUWKHVKHHU
TXDQWLW\RIWKHIDXQDH[FDYDWHGGHPRQVWUDWHVWKHVHKLJKO\V\PEROLFDQLPDOVKDGDFORVHDVVRFLDWLRQWR
WKLVPRQXPHQWWKDWLVQRWGRFXPHQWHGLQDQ\RIWKHRWKHUVWUXFWXUHV%XWILUVWWKLVDVVHPEODJHPXVWEH
FRQWH[WXDOL]HGERWKKLVWRULFDOO\ZLWKLQWKHWUDMHFWRU\RIDUFKDHRORJLFDOH[SORUDWLRQVFRQGXFWHGDVZHOODV
WKHFKURQRORJLFDODQGGHVFULSWLYHHOHPHQWVIRUHDFKRIWKHGHGLFDWRU\FDFKHV
8QWLOH[SORUDWLRQVE\WKH33/WKLVPRQXPHQWZDVWKHOHDVWXQGHUVWRRGDQGH[SORUHG0RVWRIWKH
SUHYLRXVUHVHDUFKZDVIRFXVHGRQWKHUHFRQVROLGDWLRQRIWKHPRQXPHQW&ODLPHGWREHRQHRIWKHILUVW
DUFKDHRORJLFDOH[SORUDWLRQVLQWKH$PHULFDVWKLVS\UDPLGZDVVXSHUILFLDOO\H[SORUHGE\&DUORVGH
6LJHQ]D\*yQJRUDLQZKHQKHFRQGXFWHGWXQQHOH[FDYDWLRQVZKLFKZDVOHIWRSHQXQWLO
6FKiYHO]RQ9HU\OLWWOHLVNQRZQDERXWWKHVHLQLWLDOLQYHVWLJDWLRQVH[FHSWWKDWLWLQFOXGHGDSLWWKDW
ZDVGXJDURXQGPZLGHZLWKYHUWLFDOZDOOVVXJJHVWLQJWKHUHZHUHLQQHUFKDPEHUVLQWHUSUHWHGWR
SRVVLEO\KDYHDIXQHUDU\IXQFWLRQ6FKiYHO]RQ%\ZKHQODUJHVFDOHUHVWRUDWLRQDQG
FRQVROLGDWLRQSURMHFWVZHUHFRQGXFWHGWRRSHQWKHDUFKDHRORJLFDOSDUNWKHUHZHUHQRWUDFHVRIWKLVWXQQHO
QRUSLW,WLVGXULQJWKLVWLPHWKDWWKHPRQXPHQWZDVVXSHUILFLDOO\H[FDYDWHGDQGUHFRQVWUXFWHGWRLWV
SUHVHQWIRUPZKLFKLQFOXGHGH[WHQVLYHSLSLQJDQGFRQFUHWHFRQVROLGDWLRQ)URPWKLVSRLQWIRUZDUGYHU\
OLWWOHZDVH[SORUHGDWWKHPRQXPHQWLWVHOIZLWKRQO\PLQRUFRQVHUYDWLRQDQGFRQVWUXFWLRQSURMHFWVLQWKH
YLFLQLW\ZLWKWKHH[FHSWLRQRIWKH4XHW]DOSDSDORWOSDODFHWKDWZDVIXOO\H[SORUHGDQGUHFRQVWUXFWHGWREH
RSHQWRWKHSXEOLF$FRVWD
)URPWR6DEXUR6XJL\DPDDQG5XEHQ&DEUHUDGLUHFWHGDH[WHQVLYHH[FDYDWLRQDQG
PDSSLQJSURMHFWDWWKH0RRQ3\UDPLG33/6XJL\DPDDQG&DEUHUD&DVWUR7KHLUSURMHFWJRDOV
ZHUHWRFUHDWHDWKUHHGLPHQVLRQDOPDSRIWKH0RRQ3\UDPLG3OD]DDQGEDVHGRQWKLVPDSH[SORUH
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LQWHULRUDQGH[WHULRUVSDFHVLQWKLVSOD]DWRXQFRYHUPDMRUFRQVWUXFWLRQVHTXHQFHVDQGDQ\DVVRFLDWHG
EXULDORIIHUWRU\GHSRVLWV7KH\ZHUHDOVRNHHQRQORFNLQJGRZQVRPHRIWKHHDUOLHVWSHULRGVRIWKH
IRUPDWLRQRIWKH7HRWLKXDFDQVWDWHWKDWDUHQRWZHOOXQGHUVWRRGWKURXJKH[SORULQJKRZDQGZKHQWKHVH
VWDWHZRUNVZHUHFRQVWUXFWHG,QGHHGWKHVHSURMHFWJRDOVOHGWKHLUWHDPWRGHILQHVHYHQEXLOGLQJSKDVHV
ZLWKLQWKH0RRQ3\UDPLGLWVHOIDVZHOODVUHFRUGLQJPLQRUFRQVWUXFWLRQFKDQJHVLQWKHSOD]D7KHVH
EXLOGLQJVHTXHQFHVZHUHODEHOHG%XLOGLQJWKURXJK%XLOGLQJ%XLOGLQJEHLQJWKHROGHVWDQGVPDOOHVW
PRXQGDWWKHFRUHRIWKHSUHVHQWPRQXPHQW6XJL\DPDDQG&DEUHUD&DVWUR$VVRFLDWHGZLWKWKHVH
UHPRGHOLQJSKDVHVDVHULHVRIILYHEXULDORIIHULQJFRPSOH[HVZHUHLGHQWLILHGHLWKHUEXLOWDORQJWKH
EHGURFNOD\HURULQWKHQXFOHXVRIVXFKVWUXFWXUHV6XFKGHGLFDWRU\FDFKHVDOORIZKLFKKDGKXPDQ
VNHOHWDOHOHPHQWVZHUHQDPHGVHTXHQWLDOO\LQWKHRUGHUWKH\ZHUHGLVFRYHUHGDV(QWLHUURVWKURXJK
6XJL\DPDDQG/ySH]/XMiQ(QWLHUURVDQGDUHQRWEHGLVFXVVHGDVWKH\GLGQRWFRQWDLQDQ\
IDXQDOPDWHULDOV(QWLHUURZDVDQHRQDWHIRXQGLQDSLWLQWKHQRUWKZHVWHUQFRUQHURIWKHPRQXPHQW
SRVW7HRWLKXDFDQZKLOH(QWLHUURZDVFRPSRVHGRIVHYHQWHHQGHFDSLWDWHGKXPDQKHDGVWKDWZHUH
SODFHGEHWZHHQ%XLOGLQJDQG%XLOGLQJ¶VQRUWKHUQIDoDGHGXULQJWKHFRQVWUXFWLRQRIWKHODWWHUVWUXFWXUH
6XJL\DPDDQG/ySH]/XMiQ
Building phases, Entierros and chronology 
7KHHDUOLHVWSKDVHVRI7HRWLKXDFDQ¶VRFFXSDWLRQUHPDLQVWKHOHDVWXQGHUVWRRGDQGH[FDYDWLRQVDW
WKH0RRQ3\UDPLGZDVRQHRIWKHILUVWH[FDYDWLRQVWRLGHQWLI\HDUO\SXEOLFDUFKLWHFWXUHWKDWZHUHVHFXUHO\
GDWHG7KH33/UHVXOWVFRQFXUZLWKSUHYLRXVHYLGHQFHWKDWHDUOLHUVWUXFWXUHVDWWKH0RRQ3\UDPLGZHUH
EXLOWGXULQJWKH7]DFXDOOLDQG0LFFDRWOLSKDVHV$FRVWD0LOORQDQGWKHODVW
PRGLILFDWLRQRIWKHS\UDPLGWRRNSODFHGXULQJWKH7ODPLPLOROSDSHULRGFD$'0LOORQ
6XJL\DPDDQG&DEUHUD&DVWUR:HQRZNQRZWKDWWKH0RRQ3\UDPLGZDVEXLOWLQVHYHQ
FRQVWUXFWLRQHSLVRGHVDQGWKDWWKHILUVWWKUHHSKDVHVZHUHQRWRIPRQXPHQWDOVFDOHEXWUDWKHUZHUH

%RWK33/DQG336LGHQWLILHGDQ\GHGLFDWRU\FDFKHZLWKKXPDQVNHOHWDOUHPDLQVE\WKHLU³(QWLHUUR´EXULDO
QXPEHUZKLOHDQ\FRQWH[WZLWKRXWKXPDQVNHOHWDOUHPDLQVZHUHDVVLJQHGDQ³2IUHQGD´RIIHULQJQXPEHU7KHVH
GHVLJQDWLRQVGRQRWDOOXGHWRWKHFXOWXUDOLQWHUSUHWDWLRQLIWKHGHSRVLWUHIOHFWVDEXULDORUDQRIIHULQJLQDVWULFWVHQVH
7RDYRLGFRQIXVLRQ,ZLOOXVHWKHLU6SDQLVK(QWLHUURDQG2IUHQGDQXPEHUVWKURXJKRXWWKHWH[W
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FRPSRVHGRIORZSODWIRUPV5DGLRFDUERQUHVXOWVGDWH%XLOGLQJ¶VFRQVWUXFWLRQWRDURXQG$'
DQGZRXOGKDYHFRQVWLWXWHGSDUWRIWKHILUVWLQNOLQJVRIWKHSODQLILFDWLRQRIWKHFHUHPRQLDOFRUH
%XLOGLQJRIWKH0RRQ3\UDPLGZDVRQHRIWKHHDUOLHVWSXEOLFVWUXFWXUHVWREHEXLOWDWWKH
FHUHPRQLDOFRUHSUHGDWLQJWKH6XQ3\UDPLGLWVHOIVHHEHORZ7KLVVWUXFWXUHZRXOGKDYHEHHQ
FRQWHPSRUDU\ZLWKVRPHRIWKHSUH&LXGDGHODVWUXFWXUHVLGHQWLILHGE\*D]]RODDQG*yPH]&KiYH]
DQGSRVVLEO\ZRXOGEHFRQWHPSRUDQHRXVZLWKUHFHQWHYLGHQFHRISUH6XQ3\UDPLGVWUXFWXUHV
6XJL\DPDHWDODDOWKRXJKWKHUHZHUHQRUDGLRFDUERQGDWHVDYDLODEOHIURPWKHODWHUVWUXFWXUHWR
FRUURERUDWHWKHVHUHVXOWV,QWHUHVWLQJO\WKHHDVWZHVWRULHQWDWLRQRIWKLVVWUXFWXUHLVVOLJKWO\RIIIURPWKH
VWDQGDUG7HRWLKXDFDQRULHQWDWLRQE\IRXUGHJUHHVWRWKHQRUWKVXJJHVWLQJWKLVVWUXFWXUHDQGWKH
VXEVHTXHQWIHZEXLOGLQJVWKDWURWDWHFORFNZLVHSUHGDWHWKHODUJHVFDOHXUEDQL]DWLRQDQGVWDQGDUGL]DWLRQ
WKDWWRRNSODFHDQGWKDWWKHJUDGXDOQHVVRIWKLVWUDQVLWLRQKDGVRPHVRUWRIDVWURQRPLFDOUHDVRQ
6XJL\DPDDQG&DEUHUD&DVWUR
7KHVXEVHTXHQWWZREXLOGLQJSKDVHV%XLOGLQJ$'DQG%XLOGLQJ$'
ZHUHRIPRGHVWFRQVWUXFWLRQVVLPLODULQIRUPWR%XLOGLQJ'XULQJWKHVHWKUHHSKDVHVWKHPRXQGRQO\
JUHZIURPPDWWKHEDVHWRP7KH\ZHUHVTXDUHSODWIRUPVZLWKYHU\GHWHULRUDWHGRUGHVWUR\HG
IDFDGHVWKDWPDGHUHFRQVWUXFWLQJWKHIRUPYHU\GLIILFXOW1RRIIHUWRU\FDFKHVZHUHIRXQGDVVRFLDWHGZLWK
WKHVHHDUO\VWUXFWXUHV:KDWLVLPSRUWDQWWRFRQVLGHULVWKHDQWLTXLW\RIWKLVORFLZLWKSUHFHGHQFHRISXEOLF
VWUXFWXUHVSULRUWRWKHODUJHVFDOHH[SDQVLRQRIWKHFLW\LWVHOI7KHVHWKUHHLQLWLDOSKDVHVDVZHOODVWKH
VXEVHTXHQW%XLOGLQJVKDUHVHYHUDOIHDWXUHVGLVWLQFWIURPWKHODWHUGHYHORSPHQWWKH\ODFNDQDGRVDGD
SODWIRUPDQGWKH\DUHVTXDUHLQVKDSHZLWKVWHSSHGWDOXGDWWKHEDVH
7KHFRQVWUXFWLRQRI%XLOGLQJ$'FRLQFLGHGZLWKDPDUNHGFKDQJHLQQRWMXVWLWV
PRQXPHQWDOVL]HEXWDOVRDPRUHFRPSOH[ULWXDOL]HGSURGXFWLRQSURFHVV,WZDVDWWKLVWLPHWKDWWKH
HDUOLHVWWZRGHGLFDWRU\FKDPEHUVDVVRFLDWHGZLWKWKLVPRQXPHQWZHUHGHSRVLWHG6WDWHPRQXPHQWDOLVP
ZDVHVWDEOLVKHGH[SDQGLQJQLQHWLPHVWKHGLPHQVLRQRIWKHSUHYLRXVVWUXFWXUHPQRUWKVRXWKE\
PHDVWZHVWDQGLQWHJUDWLQJKLJKO\HODERUDWHRIIHULQJVRIH[FHSWLRQDOTXDOLW\DQGTXDQWLW\LQWRWKH
S\UDPLG2QHFDFKHZDVSODFHGDORQJWKHFHQWUDOD[LVRIWKHS\UDPLGDWWKHEDVH(QWLHUURDQGDQRWKHU
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
)LJXUH&KURQRORJ\RI7HRWLKXDFDQFRUUHODWHGZLWKWKHEXLOGLQJSKDVHVDQGRIIHULQJV6DEXUR
6XJL\DPD

ZDVHPEHGGHGURXJKO\DWWKHFRUHRIWKHVWUXFWXUH(QWLHUUR%\WKHWLPHWKLVPRQXPHQWZDVFRPSOHWHG
WKHZHOONQRZQFLW\JULGV\VWHPDORQJZLWKLWVSDUWLFXODURULHQWDWLRQZDVHVWDEOLVKHGDQGERWKWKH6XQ
3\UDPLGDQG&LXGDGHODFRPSOH[ZRXOGKDYHEHHQEXLOW)LJXUH6XJL\DPDE'XULQJWKLV
0LFFDRWOLSKDVHWKHUHZDVDUDGLFDOFKDQJHLQWKHH[WHQWRIVWDWHFRQWURODQGOHJLWLPDWLRQRQWKHSRSXODFH
7KHIDFWWKDWWKHFRQVWUXFWLRQRIWKLVEXLOGLQJFRLQFLGHVZLWKWZRRIWKHPRVWXELTXLWRXVDQGULFKIDXQDO
UHPDLQVIRXQGWRGDWHDW7HRWLKXDFDQFDQQRWEHDPHUHDFFLGHQW
(QWLHUURZDVSODFHGLQDGHGLFDWRU\FKDPEHUPQRUWKVRXWKE\PHDVWZHVWDQGDERXW
PKLJKFRQWDLQLQJDQVDFULILFLDOYLFWLPERXQGXSSULRUWRLWVGHSRVLWLRQVHDWHGDORQJWKHHDVWHUQZDOO
)LJXUH6SHQFHDQG3HUHLUD6XJL\DPDDQG/ySH]/XMiQ7KLVFKDPEHUPXFKOLNHDOO
WKHRWKHUH[DPSOHVZHUHILOOHGLQFRPSOHWHO\ZLWKDPDWUL[RIHDUWKDQGJUDYHOVLPLODUWRWKHILOORIWKH
S\UDPLGLWVHOI)XUWKHUPRUHDULFKGLYHUVLW\RIIDXQDZHUHGLVFRYHUHGZLWKLQWKLVFDFKHLQFOXGLQJWKH
FRPSOHWHVNHOHWRQVRIWZRSXPDVRQHZROIQLQHHDJOHVDQGVHYHUDOUDWWOHVQDNHV3RODFR%HVLGHV
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
)LJXUH3ODQYLHZGUDZLQJRI(QWLHUUR0RRQ3\UDPLG3URMHFW
WKHVHRVVXDU\UHPDLQVDQH[FHSWLRQDOQXPEHURIRIIHULQJVZHUHV\PEROLFDOO\SODFHGRQWKHIORRU
LQFOXGLQJREVLGLDQHFFHQWULFVELIDFHVDQGSURMHFWLOHSRLQWVVKHOOSHQGDQWVDQG7ODORFYHVVHOV6XJL\DPD
6XJL\DPDDQG/ySH]/XMiQ0RVWH[FHSWLRQDOZHUHWKHRIIHULQJVSODFHGQHDUWKHFHQWHUWKDW
LQFOXGHGWZRJUHHQVWRQHILJXULQHVRQHIHPDOHRQHSRVVLEO\PDOHWZRVODWHGLVNVREVLGLDQSURMHFWLOH
SRLQWVXQZRUNHGVKHOOVKHOOQHFNODFHRILPLWDWLRQKXPDQPD[LOODHDQGWZRVHWVRIVDFULILFLDONQLYHV
UDGLDWLQJIURPWKHFHQWUDOJUHHQVWRQHILJXULQHV6XJL\DPDDQG/ySH]/XMiQ
(QWLHUURZDVSODFHGLQDODUJHFKDPEHUIRUPHGE\YHUWLFDOVWRQHZDOOVPQRUWKVRXWKE\
PHDVWZHVWDQGPKLJK)LJXUH0RVWVWULNLQJZHUHWKHUHPDLQVRIWHQGHFDSLWDWHGYLFWLPVSLOHG
XSRQWKHQRUWKHUQVHFWRURIWKHFDFKHDQGWZRFRPSOHWHLQGLYLGXDOVSODFHGWRZDUGVWKHFHQWHU6XJL\DPD
DQG/ySH]/XMiQ,QWRWDOKXPDQLQGLYLGXDOVZHUHGHSRVLWHGPRVWO\PDOHVVRPHRIZKLFKKDG
DVVRFLDWHGDUWLIDFWVVXFKDVJUHHQVWRQHDQGVKHOODUWLIDFWVDQGRVWHRORJLFDODOWHUDWLRQVVXFKDVFUDQLDO
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
)LJXUH3ODQYLHZGUDZLQJRI(QWLHUUR0RRQ3\UDPLG3URMHFW
GHIRUPDWLRQRUGHQWDOGHFRUDWLRQWRVXJJHVWWKH\ZHUHRIKLJKVWDWXV6SHQFHDQG3HUHLUD7KH
PDJQLWXGHRIIDXQDOUHPDLQVIRXQGLQWKLVFRQWH[WLVXQSUHFHGHQWHGLQ7HRWLKXDFDQZLWKRYHU
LQGLYLGXDOVWKDWLQFOXGHGDKLJKQXPEHURIFRPSOHWHDQLPDOVDQGRWKHUIDXQDODUWLIDFWVXFKDVPRGLILHG
VNXOOUHPDLQV2IFRXUVHVXFKIDXQDOPDWHULDOZHUHDPRQJDHTXDOO\ULFKDQGXQLTXHDUUD\RIGHGLFDWRU\
DUWLIDFWVLQFOXGLQJREVLGLDQHFFHQWULFVMDGHILJXULQHVDQGFHUDPLFV6XJL\DPDDQG/ySH]/XMiQ
6LPLODUWR(QWLHUURUDGLDWLQJHFFHQWULFVWKLVWLPHFDUYHGLQWKHIRUPRIIHDWKHUHGVHUSHQWVZHUH
DUUDQJHGDURXQGDS\ULWHGLVFDQGDJUHHQVWRQHPRVDLFILJXULQH6XJL\DPDDQG/ySH]/XMiQD
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
)LJXUH3ODQYLHZGUDZLQJRI(QWLHUUR0RRQ3\UDPLG3URMHFW
6LPLODUWR(QWLHUURUDGLDWLQJHFFHQWULFVWKLVWLPHFDUYHGLQWKHIRUPRIIHDWKHUHGVHUSHQWVZHUH
DUUDQJHGDURXQGDS\ULWHGLVFDQGDJUHHQVWRQHPRVDLFILJXULQH6XJL\DPDDQG/ySH]/XMiQD
 %XLOGLQJ¶VFRQVWUXFWLRQLQFRUSRUDWHGIRUWKHILUVWWLPHDQDGRVDGDSODWIRUPFRQQHFWHGWRWKH
FHQWUDOVWUXFWXUHDQGWKHDGRSWLRQRIDYHU\W\SLFDO7HRWLKXDFDQWDOXGWDEOHURIRUPHYLGHQFHLVXQFOHDULQ
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%XLOGLQJ6XJL\DPDDQG&DEUHUD&DVWUR7KLVDGGLWLRQFDXVHGDQHORQJDWLRQRIWKH
QRUWKVRXWKD[LVWRPHWHUVZKLOHWKHHDVWZHVWD[LVHVVHQWLDOO\VWD\HGWKHVDPH7KLVEXLOGLQJZDV
SUREDEO\FRQVWUXFWHGDURXQG$'DWZKLFKSRLQW(QWLHUURPQRUWKVRXWK[PHDVWZHVW
PGHHSZDVLQWHJUDWHGLQWR%XLOGLQJDORQJWKHEDFNIDoDGH,WFRQVLVWHGRIIRXUVDFULILFLDOYLFWLPV
LQWHUUHGZLWKDVVRFLDWHGULFKRIIHULQJVLQFOXGLQJPDQ\SUHSDUHGDQLPDOKHDGV6XJL\DPDDQG/ySH]
/XMiQ)LJXUH$JDLQWKHRVWHRORJLFDODQGLVRWRSLFGDWDFRQFXUZLWKWKHVFHQDULRWKDWWKHVH
ZHUHFRPSRVHGRIPDOHFDSWLYHZDUULRUV6SHQFHDQG3HUHLUD:KLWHHWDO(DFKRIWKHVH
LQGLYLGXDOVSRVVHVVHGERG\RUQDPHQWVVXFKDVVKHOODQGJUHHQVWRQHHDUVSRROVVKHOOQHFNODFHVPDGHRI
LPLWDWLRQKXPDQPD[LOODH*HQHUDORIIHULQJVVXFKDVZRUNHGVKHOORUQDPHQWVREVLGLDQSURMHFWLOHSRLQWV
DQGEODGHVS\ULWHGLVNJUHHQVWRQHILJXULQHVDQGVPDOODQWKURSRPRUSKLFILJXULQHV6XJL\DPD
6XJL\DPDDQG/ySH]/XMiQ
(QWLHUURZDVGHSRVLWHGLPPHGLDWHO\SULRUWRWKHFRQVWUXFWLRQRI%XLOGLQJDIWHUWKHWHUPLQDWLRQ
RI%XLOGLQJDWWKHWRSRIWKHPRQXPHQW7KLVEXULDOZDVIRXQGLQZKHQDWXQQHOZDVVHWLQWKH
XSSHUVHFWLRQRI%XLOGLQJWKDWH[SRVHGDODUJHSLWRIIHULQJFRPSOH[RQWKHXSSHUIORRUPHDVXULQJP
DQGPGHHS6XJL\DPDDQG&DEUHUD&DVWUR7KHUHPDLQVRIWKUHHILJXUHVVHDWHGFURVVOHJJHG
DGRUQHGZLWKH[FHSWLRQDOO\ULFKRUQDPHQWVWKDWSRLQWWRWKHKLJKO\HOHYDWHGVWDWXVRIWKHVHLQGLYLGXDOV
PDGHWKLVRIIHUWRU\FRPSOH[SDUWLFXODUO\XQLTXH)LJXUH8QOLNHDOOWKHVDFULILFLDOYLFWLPVIURPWKH
RWKHUFDFKHVWKHVHSURPLQHQWILJXUHVGLGQRWKDYHWKHLUKDQGVWLHGEHKLQGWKHLUEDFN,QIDFWWKHLUKDQGV
ZHUHFURVVHGLQIURQWWZRRIWKHLQGLYLGXDOVRYHUODLGRQWRSRIDQLPDOVNXOOV6SHQFHDQG3HUHLUD
3HUVRQDOSDUDSKHUQDOLDLQFOXGHGDW\SLFDODQGKLJKO\FRQWURYHUVLDO0D\DVW\OHJUHHQVWRQH
REMHFWVLQFOXGLQJMDGHLWH³SLQZKHHO´HDUVSRROVDQGSHFWRUDOVXVXDOO\IRXQGLQ0D\DFRQWH[WVWKDWPD\
LQGLFDWHWKHVRFLRSROLWLFDODXWKRULW\RIWKHLQGLYLGXDOVIURPWKLVIRUHLJQUHJLRQ6XJL\DPDDQG/ySH]
/XMiQ&RPSOHWHDQLPDOVZHUHSODFHGLQIURQWRIHDFKRIWKHWKUHHLQGLYLGXDOVDQGVFDWWHUHGUHPDLQV
RIPRUHDQLPDOVNXOOVDQGSDUWLFXODUO\UDWWOHVQDNHVZHUHIRXQGWKURXJKRXWWKHFDFKH2WKHUDUWLIDFWV
SODFHGLQWKLVFKDPEHULQFOXGHGDVHDWHGJUHHQVWRQHILJXUHZLWKDVVRFLDWHGJUHHQVWRQHEHDGVZRUNHGDQG
XQZRUNHGVKHOOREVLGLDQSRLQWVDQGEODGHVDQGZRYHQILEHUV
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
)LJXUH3ODQYLHZGUDZLQJRI(QWLHUUR0RRQ3\UDPLG3URMHFW
:LWKRXWDURRIWKLVFDFKHZDVFRPSOHWHO\ILOOHGLQZLWKHDUWKVWRQHVDQGODUJHURFNVGXULQJWKH
FRQVWUXFWLRQRI%XLOGLQJ8QIRUWXQDWHO\WKHODUJHERXOGHUVWKDWZHUHVHWLQWRILOOWKLVFDFKHFDXVHGVRPH
H[WHQVLYHWDSKRQRPLFGDPDJHWRWKHIDXQDOUHPDLQVSUREDEO\GXHWRWKHZDWHUOHDFKLQJPDNLQJWKLV
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FROOHFWLRQE\IDUWKHPRVWGHJUDGHGFROOHFWLRQRXWRIDOOWKHEXULDOVDQDO\]HGWKXVIDU7KLVGHSRVLWPDUNHG
QRWRQO\DWHUPLQDWLRQRI%XLOGLQJEXWORFDWHGDWDSSUR[LPDWHWKUHHGLPHQVLRQDOFHQWHURI%XLOGLQJ
VHUYHGDVDIRXQGDWLRQULWXDOIRU%XLOGLQJWKDWZDVFDUULHGRXWVRPHWLPHDURXQG$'6
6XJL\DPDDQG&DEUHUD&DVWUR7KLVFRQVWUXFWLRQUHVXOWHGLQFUHDWLQJDPRQXPHQWDOPRVWWKHVDPH
IRUPDQGVL]HRIWKHS\UDPLGYLVLEOHWRGD\,WLVGXULQJWKLVWLPHWKDW(QWLHUURFRQVLVWLQJRI
GHFDSLWDWHGKHDGVZDVDOVRLQWHJUDWHGLQWRWKHFRQVWUXFWLRQDORQJWKHEDVH
0RVWRIZKDWLVFXUUHQWO\YLVLEOHRIWKHPRQXPHQWGDWHVWRWKHFRQVWUXFWLRQRI%XLOGLQJZKLFK
ZDVSUREDEO\EXLOWVRPHWLPHDURXQG$'DQGFRQWLQXHGWRIXQFWLRQXQWLOWKHFROODSVHRIWKHFLW\
LQ$'6XJL\DPDDQG&DEUHUD&DVWUR(YHQDIWHUWKHGHFOLQHRIWKH7HRWLKXDFDQVWDWH
WKHPRQXPHQWFRQWLQXHGWREHXVHGUHRFFXSLHGZRUVKLSHGDQGRUORRWHGLQVXEVHTXHQWSHULRGV
SDUWLFXODUO\E\WKH$]WHFV6XJL\DPDDQG&DEUHUD&DVWUR7KHSUHVHQFHRI(QWLHUURORFDWHG
MXVWRXWVLGHRIWKHQRUWKZHVWHUQFRUQHURIWKHPRQXPHQWIXUWKHUHPSKDVL]HVWKHORQJHYLW\RIWKHSODFHRI
WKH0RRQ3\UDPLGHYHQDIWHUWKHFROODSVHRIWKHVRFLRSROLWLFDOVWUXFWXUH$OOIDXQDIURPGHGLFDWRU\
FRQWH[WVIURPWKH0RRQ3\UDPLGZDVDQDO\]HGWKDWFRYHUDVSDQEHWZHHQ%XLOGLQJWR%XLOGLQJ$'
WR$'7KLVDOORZVXVWRORRNDWGLDFKURQLFFKDQJHVLQDQLPDOXVHRYHUWLPH
7KH6XQ3\UDPLG
 7KHODUJHVWPRQXPHQWLQWKH0H[LFDQ%DVLQVWDQGVWRWKHVRXWKRIWKH0RRQ3\UDPLGWRWKHHDVW
RIWKH$YHQXHRIWKH'HDG'XHWRWKHH[SDQVLYHVL]HRIWKHPRQXPHQWWKLVVWUXFWXUHZDVWKHILUVW
PRQXPHQWWREHUHFRQVWUXFWHGE\D0H[LFDQDUFKDHRORJLVWRYHUDFHQWXU\DJR%DWUHVDQGKDV
UHPDLQHGDVDVWDJJHULQJQDWLRQDOV\PERO7KLVS\UDPLGIDFHVZHVWRULHQWHGWRDOLJQZLWKWKH3OHLDGHV
VWDU0LOORQDQGWKHRULHQWDWLRQRIWKHVXQVHWRQWKHZHVWHUQKRUL]RQDQGDKDOIGHJUHHVQRUWKRI
ZHVWRQ$XJXVWWKDQG$SULOWKFRLQFLGLQJZLWKWKHGD\FDOHQGDU'UXFNHU
 ([SORUDWLRQVDWWKLVPDMRUPRQXPHQWEHJDQRYHUDFHQWXU\DJRE\%DWUHVWRUHFRQVWUXFW
WKHS\UDPLGLQWLPHIRUWKHFHQWHQQLDOFHOHEUDWLRQRIWKH0H[LFDQLQGHSHQGHQFHXQGHUWKHDXVSLFLRXVQHVV
RIWKHSUHVLGHQW3RUILULR'tD]'XULQJWKLVLQLWLDOH[FDYDWLRQ%DWUHVGHVFULEHGFKLOGUHQEXULHGDW
WKHIRXUFRUQHUVRIHDFKERG\RIWKHPRQXPHQWDQGFKDUDFWHUL]HGWKHPRQXPHQWDVEXLOWLQDVLQJOHVWDJH
63
E\DKRPRJHQHRXVILOOZLWKDGREHEULFNVVXUURXQGLQJWKHH[WHULRUOD\HUV7KHUHFRQVWUXFWLRQRIWKH
PRQXPHQWWRLWVSUHVHQWIRUPKDVEHHQWKHEDVLVIURPZKLFKVXEVHTXHQWH[FDYDWLRQVKDYHZRUNHGWR
GHILQHWKHFRQVWUXFWLRQVHTXHQFHPHDQLQJDQGIXQFWLRQRIWKLVPHJDPRQXPHQW
 :LWKKHLJKWHQHGDZDUHQHVVRIWKHPRQXPHQWQRZLPSRVLQJRQWKHODQGVFDSHZLWKWKHQHZO\
UHFRQVWUXFWHGFRQFUHWHZDOOVVHYHUDOSURMHFWVEHJDQH[SORULQJWKHLQWHULRUVSDFHVWRILQGWRPEVRUVSHFLDO
IHDWXUHV0DQXHO*DPLREHJDQGLJJLQJIURPWKHSRVWHULRUHDVWHUQIDoDGHDWWKHVXUIDFHOHYHODWWKH
WLPHDSSUR[PKLJKHUWKDQWKHFXUUHQWVXUIDFHOHYHOWKDWZDVVXSSOHPHQWHGE\DVKRUWWXQQHOQHDU
WKHHQGRI*DPLR¶VWXQQHOUXQQLQJQRUWKZDUG9DLOODQW6XEVHTXHQWO\(GXDUGR1RJXHUD
3pUH]LQLWLDWHGDQRWKHUWXQQHOIURPWKHIURQWDOZHVWHUQIDoDGHMXVWDERYHWKHEHGURFNOHYHO
LQDQDWWHPSWWRUHDFKWKHD[LDOFHQWHUDORQJWKHEDVHDWWKHVXUIDFHOHYHO$OWKRXJKKHVWRSSHGVKRUWRI
WKLVJRDOWKLVWXQQHOZDVFRQQHFWHGE\DIOLJKWRIVWDLUVWR*DPLR¶VSUHYLRXVH[SORUDWRU\WXQQHO
/DWHU5HPH\%HVWLHQH[FDYDWHGDWWKHHQGRI1RJXHUD¶VWXQQHOWKDWUDQQRUWKZDUG
6XEVHTXHQWO\LQ0LOORQDQGKLVWHDPUHH[DPLQHGROGSURILOHVIURP*DPLRDQG1RJXHUD¶V
H[FDYDWLRQVDQGSURFHHGHGE\SODFLQJVHYHUDOWHVWSLWVWRHQFRXQWHUHDUO\ZDOOVLQWKHILOORIWKHPRQXPHQW
0LOORQDQG'UHZLWW7KHVHH[SORUDWLRQVFRQILUPHG%DWUHV¶VFKDUDFWHUL]DWLRQRIWKHHDUWK
ILOOHGPRQXPHQWEXWDOVRGHILQHGHDUO\IHDWXUHVDQGHYHQVPDOORIIHULQJGHSRVLWVZLWKLQWKHILOORIWKH
PRQXPHQW0LOORQDQG'UHZLWW0LOORQHWDO1RJXHUD3pUH]%HVLGHVVPDOO
FRQVROLGDWLRQDQGUHVWRUDWLRQSURMHFWVWKHPRQXPHQW¶VLQWHULRUUHPDLQHGXQH[SORUHGIRUWKHUHPDLQGHURI
WKHWLPHDQGWKHIRFXVVKLIWHGWRWKHH[WHULRUVSDFHVLQWKH6XQ3\UDPLG&RPSOH[DVZHOODVRQD
VXEWHUUDQHDQVWUXFWXUHWKDWUXQVEHORZWKHPRQXPHQW
 )RUWKHRSHQLQJRIWKHDUFKDHRORJLFDOSDUNDODUJHVFDOHH[FDYDWLRQDQGUHVWRUDWLRQSURMHFWOHG
E\,JQDFLR%HUQDOXQFRYHUHGDVVRFLDWHGEXLOGLQJVDURXQGWKH6XQ3\UDPLGSOD]DFRPSOH[$ORQJ
ZLWKLQWHULRUH[FDYDWLRQVLQ1RJXHUD¶VWXQQHOWZRRWKHUWUHQFKHVZHUHGXJLQWKHS\UDPLG¶VH[WHULRU$
WUHQFKPLQOHQJWKZDVVHWDORQJWKHXSSHUERG\RIWKHPRQXPHQWDQGDPORQJWUHQFKRQWKH
QRUWKVLGHRIWKHS\UDPLG¶VEDVH6PLWKF,QWKH7HRWLKXDFDQ0DSSLQJ3URMHFWFRQWLQXHG
H[SORULQJWKLVXSSHUWXQQHO7(5DWWUD\
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 +HLJKWHQHGLQWHUHVWSURFHHGHGZKHQDVXEWHUUDQHDQVWUXFWXUHHUURQHRXVO\LGHQWLILHGDVD³FDYH´
ZDVDFFLGHQWDOO\GLVFRYHUHGLQRSHQLQJQHZLQWHUSUHWDWLRQVWRWKHXVHRIWKHPRQXPHQW7KLV
VXEWHUUDQHDQIHDWXUHLVFKDUDFWHUL]HGE\DVKDIWWKDWVKRRWVVWUDLJKWGRZQLQWRWKHEHGURFNOD\HUIRUDERXW
PLQWRDODUJHRSHQLQJZLWKDWDOXGVWUXFWXUHZKHUHWKHVWDLUZD\HQWUDQFHZRXOGKDYHEHHQ6XJL\DPD
HWDOD)URPWKLVODUJHRSHQLQJDORQJKRUL]RQWDOWXQQHOPORQJPHDQGHUVWRZDUGWKHJHQHUDO
HDVWGLUHFWLRQXQWLOLWUHDFKHVWKHIRXUSHGDOHGWHUPLQXV$VHULHVRIZDOOVZRXOGKDYHFORVHGRIIDFFHVV
WRWKLVTXDGULSDUWLWHVSDFHVXJJHVWLQJWKLVDUHDZDVQRWDFFHVVHGXQWLOODWHUORRWLQJDFWLYLWLHVWRRNSODFH
7KHUHDUHRQO\VFDQWLQIRUPDWLRQDERXWWKHSULPDU\H[FDYDWLRQVQRWRQO\GXHWRWKHH[WHQVLYH
ORRWLQJDFWLYLWLHVLQDQWLTXLW\EXWDOVREHFDXVHWKHDUFKDHRORJLVW-RUJH$FRVWDZKRZDVLQFKDUJHRIWKH
SURMHFWSDVVHGDZD\VRRQDIWHUWKHGLVFRYHU\ZLWKRXWGRFXPHQWDWLRQRIWKHLUILQGV6RPHKDYHUHVRUWHGWR
LQWHUSUHWLQJWKLVVXEWHUUDQHDQWXQQHOLQFRQQHFWLRQWRODWHU3RVW&ODVVLFP\WKVUHODWHGWRVDFUHGFDYH
V\PEROLVP+H\GHQ0LOORQ7DXEH/DWHUWHVWSLWH[FDYDWLRQVE\WKH7HRWLKXDFDQ
0DSSLQJ3URMHFWPHPEHUVGHVFULEHWKHSUHVHQFHRIVWRQHGUDLQDJHFKDQQHOVPDQKROHW\SHFRYHUVVKHOO
DQGWLQ\ILVKVSLQHV0LOORQ7KH\DOVRGHVFULEHPXOWLSOHIORRUOD\HUVVXJJHVWLQJWKH
VXEWHUUDQHDQWXQQHOZDVXWLOL]HGRYHUWLPHHYHQDIWHUWKHVHTXHQFHRIZDOOVOHDGLQJWRWKHFHQWUDO
TXDGULSDUWLWHVSDFHZRXOGKDYHEHHQILOOHGLQEORFNLQJDFFHVVWRWKLVDUHD6ORDG6XJL\DPD
'XHWRWKHH[WHQVLYHORRWLQJDQGPLQLPDOGDWDDYDLODEOHIURPSUHYLRXVH[FDYDWLRQVLQVLGHWKH
PRQXPHQWDQGWKLVVXEWHUUDQHDQIHDWXUHWKHIRFXVRILQYHVWLJDWLRQVKLIWHGDJDLQWRWKH6XQ
3\UDPLGFRPSOH[ILUVWE\(GXDUGR0DWRVWKHQDJDLQE\$OHMDQGUR6DUDELD6XFKSURMHFWV
IRFXVHGRQSHHOLQJDZD\SRVW7HRWLKXDFDQOD\HUVSDUWLFXODUO\RQWKHQRUWKDQGHDVWVLGHVRIWKH
PRQXPHQWDQGVXUURXQGLQJSODWIRUPVDVZHOODVWKHUHVWRUDWLRQDQGFRQVROLGDWLRQRIWKHRULJLQDOIDoDGHV
,WLVLQWKLVFRQWH[WWKDWWKHSURMHFWHQWLWOHG3URJUDPRI,QYHVWLJDWLRQDQG&RQVROLGDWLRQDWWKH
$UFKLWHFWXUDO&RPSOH[RIWKH6XQ3\UDPLG7HRWLKXDFDQ3URJUDPDGH&RQVHUYDFLyQH,QYHVWLJDFLyQHQHO
&RPSOHMR$UTXLWHFWyQLFRGHOD3LUiPLGHGHO6RO336ZDVIRUPHGLQ6DUDELD*
7KH336GLUHFWHGE\$OHMDQGUR6DUDELDIRFXVHGSULPDULO\RQWKHSUHVHUYDWLRQDQG
H[SORUDWLRQRIWKHDUFKLWHFWXUDOXQLWHVVXUURXQGLQJWKHPRQXPHQW:LWKWKHLQWHJUDWLRQRI6DEXUR
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)LJXUHD3ODQYLHZDQGESURILOHRIH[FDYDWLRQXQLWVDQGNH\IHDWXUHVLGHQWLILHGE\WKH336
&$'GUDZLQJE\0RRQ3\UDPLG3URMHFW6DEXUR6XJL\DPD

6XJL\DPDDQGKLVWHDPLQWKHSURMHFWEHJDQWRLQYHVWLJDWHWKHLQWHULRUVSDFHVZLWKLQWKHPRQXPHQW
)URPVXFKLQWHQVLYHH[FDYDWLRQVWHVWSLWVDQGWKUHHWXQQHOVZHZHUHDEOHWRXQGHUVWDQGWKHFRPSOH[
FRQVWUXFWLRQVHTXHQFHDQGXVHRIWKHPRQXPHQWSULRUWRGXULQJDQGDIWHUWKHSURGXFWLRQRIWKLVPDMRU
PRXQG)LJXUH6XJL\DPDHWDOD,QUHODWLRQWRWKLVPRQXPHQWDFRXSOHRIWHVWSLWVZHUHDOVR
GXJLQWKHVXEWHUUDQHDQWXQQHODOORZLQJXVWRXQGHUVWDQGWKHUHODWLRQRIWKLVIHDWXUHWRWKHS\UDPLG
Building phases, Entierros/Ofrendas and chronology 
2QHRIWKHPDMRUFRQWULEXWLRQVRIWKH336LQFOXGHVWKHUHYLVHGFKURQRORJLFDOGHVLJQDWLRQ
DVVLJQHGWRWKHFRQVWUXFWLRQRIWKH6XQ3\UDPLG2ULJLQDOO\LWZDVSURSRVHGWKDWWKLVPRQXPHQWZDVEXLOW
UHODWLYHO\HDUO\LQWKHFLW\¶VRFFXSDWLRQDURXQGWKH7]DFXDOOLSHULRG$'RUHDUOLHU0LOORQ
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0LOORQHWDO1RJXHUD9DLOODQW1HZUDGLRFDUERQGDWHVVXJJHVWWKDWWKHPRQXPHQW
DQGPRVWOLNHO\WKHVXEWHUUDQHDQWXQQHODVZHOOZHUHFRQVWUXFWHGDURXQG$'SXVKLQJEDFNWKH
FRQVWUXFWLRQVHTXHQFHE\DERXWDFHQWXU\6XJL\DPDHWDOD)XUWKHUPRUHWKHVH
H[FDYDWLRQVOHGWRGHILQHWKHPRQXPHQW¶VFRQVWUXFWLRQVHTXHQFHLQWKUHHSKDVHVD3UH6XQ3\UDPLG
SKDVHWKHHVWDEOLVKPHQWRIWKHPDLQFRUSXVRIWKHPRQXPHQWDQGWKHDGGLWLRQRIWKHDGRVDGDSODWIRUP
6LPLODUWRWKH0RRQ3\UDPLGWKHVHH[FDYDWLRQVDOVRLGHQWLILHGDVHULHVRIGHGLFDWRU\FDFKHV6XJL\DPD
HWDOD,QWRWDOIRXU(QWLHUURVWKUHHRIZKLFKZHUHRILQIDQWVDQGFKLOGUHQDQGWZRRIIHULQJVZHUH
H[SORUHG7ZRRIWKH(QWLHUURVDQGDOORIWKHRIIHULQJVGDWHWRWKHSKDVHDVVRFLDWHGZLWKWKHFRQVWUXFWLRQ
RIWKHPRQXPHQW8QOLNHWKHPDWHULDOVIURPWKH0RRQ3\UDPLGWKHKXPDQVNHOHWDOUHPDLQVZHUHXVXDOO\
QRWDVVRFLDWHGZLWKODUJHRIIHULQJVEXWZHUHLVRODWHGLQGLYLGXDOVEXULHGZLWKQRQHRURQO\VFDQW
DVVRFLDWHGDUWLIDFWV6XJL\DPDHWDOD7KHIDXQDOUHPDLQVGLVFXVVHGLQWKLVGLVVHUWDWLRQZHUH
UHFRYHUHGIURP2IIHULQJZKLFKPRVWOLNHO\ZHUHWKHUHVXOWRIDFRQVHFUDWLRQULWXDOWKDWLQLWLDWHGWKH
FRQVWUXFWLRQRIWKLVPDMRUPRQXPHQWLQRQHEXLOGLQJHSLVRGH
3ODFHGZLWKLQDODUJHSLWPGXJSDUWLDOO\LQWRWKHKDUGEHGURFNODWHU2IIHULQJZDV
ORFDWHGVOLJKWO\WRWKHVRXWKRIWKHPDLQHDVWZHVWD[LVPIURPWKHHQWUDQFHRI1RJXHUD¶VWXQQHO7KH
RIIHULQJFDFKHZDVILUVWLGHQWLILHGZLWKLQWKHILOORIWKHPRQXPHQWE\DFRQFHQWUDWLRQRIREVLGLDQEODGHV
VHYHUDOZRUNHGVSLUDOVKHOOVDQGDQDEXQGDQFHRIRUJDQLFILEHUV([WHQGLQJWKHH[FDYDWLRQXQLWWKLV
RIIHULQJUHVXOWHGLQWKHGLVFRYHU\RIH[FHSWLRQDOO\ULFKDQGXQLTXHDUWLIDFWV)LJXUH0XOWLSOHOD\HUV
RIREMHFWVZHUHIRXQGVXSHULPSRVHGLQVHYHUDOFRQFHQWUDWHGDUHDVFRPSRVHGRIDGLYHUVHDUUD\RIPDWHULDO
W\SHVVXFKDVREVLGLDQJUHHQVWRQHVKHOOS\ULWHVODWHFHUDPLFVDQLPDOERQHVDQGDQDEXQGDQFHRI
RUJDQLFUHVLGXHWKURXJKRXWWKHGHGLFDWRU\FKDPEHU6XJL\DPDHWDOD0RVWH[TXLVLWHZDVWKH
JUHHQVWRQHDUWLIDFWVZKLFKLQFOXGHGRQHPDVNZLWKS\ULWHH\HLQOD\VDQGWZRDQWKURSRPRUSKLFILJXULQHV
:KDWLVGLVWLQFWDERXWWKLVRIIHULQJLQFRPSDULVRQWRWKH0RRQ3\UDPLGPDWHULDOVLVWKHODFNRIDQ\
KXPDQVNHOHWDOUHPDLQVWKXVLWVGHVLJQDWLRQDV2IUHQGDDQGQRWDQ(QWLHUUR
(YHQDIWHUWKHFRPSOHWLRQRIWKHPDLQERG\RIWKHS\UDPLGMXVWOLNHWKH0RRQ3\UDPLGZHVHH
HSLVRGHVRIPDMRUPRGLILFDWLRQVDQGDPSOLILFDWLRQRIWKHPRQXPHQW6RPHSRLQWDIWHUWKHFRUSXVRIWKH
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6XQ3\UDPLGZDVFRQVWUXFWHGDQDGRVDGDSODWIRUPZDVDQQH[HGFRYHULQJRWKHUSUHDGRVDGDVWUXFWXUHV
6XJL\DPDHWDOD([WHULRUH[FDYDWLRQVLQWKHDGRVDGDDVZHOODVRQWKHDSH[RIWKH
PRQXPHQWUHFRUGDFRPSOH[FRQVWUXFWLRQVHTXHQFHWKDWGHPRQVWUDWHVVXEVHTXHQWFRQVWUXFWLRQSURMHFWV
FRQWLQXHGWKURXJKRXWWKH7HRWLKXDFDQRFFXSDWLRQ6DUDELD*6DUDELD*DQG6XJL\DPD
=RRDUFKDHRORJLFDOUHPDLQVXQFRYHUHGIURPWKLVPRQXPHQWDUHOHVVDEXQGDQWDQGRQO\RQHRIWKH
WZRRIIHULQJVKDGDQ\IDXQDOPDWHULDOV1RQHRIWKH(QWLHUURVKDGIDXQDOREMHFWV7KHPLQLPDOXVHRI
IDXQDLQULWXDOGHSRVLWVDWWKLVPRQXPHQWFRPSDUHGWRWKH0RRQ3\UDPLGLVYHU\QRWLFHDEOH7KLV
SUREDEO\KDGWRGRZLWKWKHIXQFWLRQDQGPHDQLQJDWWULEXWHGWRHDFKRIWKHGLIIHUHQWPRQXPHQWV,WLV
XQIRUWXQDWHWKDWYHU\PLQLPDOLQIRUPDWLRQLVDYDLODEOHFRQFHUQLQJWKHPDWHULDOVSODFHGLQWKHVXEWHUUDQHDQ
WXQQHODVWKHUHLVRQO\VFDQWLQIRUPDWLRQDERXWWKHSUHVHQFHRIDTXDWLFVSHFLHVLQWKHIRUPRIILVK
VFDOHVVSLQHVH[FDYDWHGIURPWKLVDUHD0LOORQ&HUWDLQO\WKHUHPDLQVRIVXFKPLFURIDXQD
ZRXOGEHSRVVLEOHWRUHFRYHUWKURXJKIXWXUHH[FDYDWLRQVDVWKH\ZRXOGEHWKHW\SHRIPDWHULDOVRIWHQOHIW
EHKLQGE\ORRWHUV
7KH)HDWKHUHG6HUSHQW3\UDPLG
$WWKHVRXWKHUQVHFWRURIWKHFHUHPRQLDOSUHFLQFWZLWKLQWKH&LXGDGHODFRPSOH[WKH)HDWKHUHG
6HUSHQW3\UDPLG)63DOVRNQRZQDVWKH7HPSOHRI4XHW]DOFRDWOVWDQGV[PDWWKHEDVHDQGP
KLJK7KHFRPSOH[LVH[SDQVLYHFRYHULQJKDDQGKDVEHHQLQWHUSUHWHGWREHZKHUHVWDWHOHYHO
FHUHPRQLHVWRRNSODFH$ODUJHSDOLVDGHZDOOVXUURXQGVWKLVFRPSOH[DQGWKHPDLQPRQXPHQWVWRRG
EHWZHHQWZRUHVLGHQWLDOFRPSOH[HVRQHLWKHUVLGH6LPLODUWRWKHRWKHUPRQXPHQWVDWWKHFHUHPRQLDO
SUHFLQFWLQLWLDOH[SORUDWLRQVEHJDQZLWKODUJHVFDOHWUHQFKLQJDQGUHFRQVWUXFWLRQVLQWKLVFDVHE\0DQXHO
*DPLRZKRGXJDWXQQHOWRH[SRVHWKHJUHDWVHUSHQWLQHVFXOSWXUHVDORQJWKHZHVWHUQIURQWDOIDFH
IRUWKHILUVWWLPH6XEVHTXHQWH[FDYDWLRQVIRXQGKXPDQVNHOHWDOUHPDLQVZLWKULFKRIIHULQJVLQFOXGLQJ
PDULQHVKHOOVOLWKLFVVODWHGLVNVZLWKWUDFHVRIS\ULWHDQGJUHHQVWRQHDUWLIDFWV'RUVDO*DPLR
)URPDQ,1$+SURMHFWFDOOHGWKH3UR\HFWR$UTXHROyJLFR7HRWLKXDFDQ3$7GLUHFWHG
E\5~EHQ&DEUHUD&DEUHUD&DVWURHWDODEDH[FDYDWHGWKHVRXWKHUQVHFWRURIWKHFLW\¶VFRUH
LQFOXGLQJPDQ\RIWKHVWUXFWXUHVWKDW*DPLRKDGQRWH[FDYDWHGLQWKH&LXGDGHOD'XULQJWKLVSURMHFW
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VHYHUDOPRUH(QWLHUURVZHUHGLVFRYHUHGDORQJWKHIRRWRIWKHS\UDPLGZKLFKLQVSLUHGWKHIRUPDWLRQRID
QHZMRLQWSURMHFWFDOOHGWKH3UR\HFWRGH7HPSOR4XHW]DOFRDWO3746XJL\DPD7KLV
SURMHFWZDVIRUPHGLQRUGHUWRH[SORUHWKLVPRQXPHQWPRUHLQWHQVLYHO\XQGHUWKHFRRUGLQDWLRQRI&DEUHUD
&RZJLOODQG66XJL\DPD7XQQHOVZHUHGXJLQWRWKHFHQWUDODGRVDGDSODWIRUPDQGDGGLWLRQDOWUHQFKHV
ZHUHSODFHGVXUURXQGLQJWKLVVWUXFWXUH&DEUHUD&DVWURDQG&DEUHUD&DEUHUD&DVWURHWDOE
2QHRIWKHPRVWVWULNLQJGLVFRYHULHVUHVXOWLQJIURPWKH374H[FDYDWLRQVZHUHWKHUHPDLQVRIFD
LQGLYLGXDOVH[FDYDWHGERWKLQDQGDURXQGWKHS\UDPLGWKDWLQFOXGHGDQH[FHSWLRQDODVVHPEODJHRI
DVVRFLDWHGRIIHULQJV6XJL\DPD7KHVHVDFULILFLDOYLFWLPVZHUHFDUHIXOO\ODLGRXWLQVLJQLILFDQW
JURXSLQJVUHODWLQJWRFRVPRORJLFDOO\LPSRUWDQWQXPEHUVDQGZHUHFRPSRVHGRIPDLQO\PDOHVWKDWZHUH
IRUHLJQSRVVLEO\ZDUFDSWLYHVWKDWZHUHVDFULILFHGLQGHGLFDWLRQWRWKHPRQXPHQW6XJL\DPD
:KLWHHWDO7KHLGHQWLILFDWLRQRIWKHVHLQGLYLGXDOVDVZDUFDSWLYHVZDVDOVRVXSSRUWHGE\WKH
DEXQGDQWRUQDPHQWDODVVHPEODJHVUHODWHGWRPLOLWDU\UHJDOLDVXFKDVSURMHFWLOHSRLQWVDQGHYHQKXPDQ
PD[LOODU\SHQGDQWV6RPHRIWKHVHPD[LOODU\SHQGDQWVZHUHHLWKHULPLWDWLRQVPDGHIURPVKHOORU
FRPSRVHGRIFDQLGRUKXPDQPD[LOODHRUPDQGLEOHV9DODGH]$]~DHWDO
Building phases, Entierros and chronology 
$VZDVWKHFDVHZLWKWKH6XQ3\UDPLGLWLVEHFRPLQJPRUHDQGPRUHREYLRXVWKDWWKH&LXGDGHOD
FRPSOH[DOVRKDGPDQ\SUHH[LVWLQJVWUXFWXUHVSULRUWRWKHFRQVROLGDWLRQRIWKLVFRPSOH[LQWRD
PRQXPHQWDOORFXVZKHUHWKH)63ZDVFRQVWUXFWHG$WOHDVWWKUHHVWDJHVFDQEHLGHQWLILHGLQWKLVFRPSOH[
$3UH)63SKDVHD)63SKDVHZKHUHWKHPDLQFRUSXVZDVEXLOWDQGDQDGRVDGDFRQVWUXFWLRQVWDJHZKHUH
WKHPDLQIDoDGHRIWKLVPRQXPHQWZDVFRYHUHGRYHUE\WKLVSODWIRUP
6XJL\DPDD*D]]RODDQG*yPH]&KiYH]KDYHLGHQWLILHGSUH)63FLXGDGHOD
VWUXFWXUHVLQFOXGLQJPDVRQU\FRQVWUXFWLRQVSHUKDSVPRQXPHQWDODQGFDQDOV\VWHP7KHVHIHDWXUHVZLWK
DWOHDVWWZRDUFKLWHFWXUDOVWDJHVGDWHGWRWKH3DWODFKLTXHDQG7]DFXDOOLSKDVHV*D]]ROD6XJL\DPD
E,WLVGXULQJWKH7]DFXDOOLSKDVHWKDWWKLVDUHDZDVXWLOL]HGE\HOLWHVZLWKDPSOHDFFHVVWRGLYHUV
UHVRXUFHV*D]]ROD,WLVLQWHUHVWLQJWRQRWHWKDWOLNH%XLOGLQJRIWKH0RRQ3\UDPLGWKHVH
EXLOGLQJFRPSOH[HVWKDWGDWHWRDVLPLODUWLPHIUDPHKDGDGLVWLQFWRULHQWDWLRQIURPWKHW\SLFDO
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7HRWLKXDFDQRULHQWDWLRQDOLJQHGGHJUHHVHDVWRIPDJQHWLFQRUWKZKLOHODWHU7HRWLKXDFDQRULHQWDWLRQV
ZHUHDOLJQHGWRGHJUHHVHDVWRIQRUWK*D]]ROD6XJL\DPDDQG&DEUHUD&DVWUR
,WLVGXULQJWKH0LFFDRWOLSKDVHDURXQG$'WKDWWKHVHSUH&LXGDGHODVWUXFWXUHVZHUH
GHVWUR\HGDOPRVWFRPSOHWHO\WREXLOGWKHPDLQERG\RIWKH)HDWKHUHG6HUSHQW3\UDPLG$VDFULILFLDO
ULWXDOWRRNSODFHEHIRUHWKHFRQVWUXFWLRQRIWKH)636XJL\DPDEWKDWSURYLGHVWKHPRVWFRQYLQFLQJ
HYLGHQFHRIPDVVVDFULILFLDOULWXDOVLQ0HVRDPHULFD7KLVVDFURUHOLJLRXVDFWPDUNHGWKHIRXQGDWLRQIURP
ZKLFKWKLVKLJKO\V\PEROLFPRQXPHQWZDVFRQVWUXFWHG
$URXQGWKHIRXUWKFHQWXU\$'WKHZHVWHUQIDoDGHRIWKHPRQXPHQWZDVFRQFHDOHGZLWKWKH
DPSOLILFDWLRQRIDQDGRVDGDSODWIRUPWKDWZDVSUREDEO\DQLQGLFDWLRQRIDULWXDODQGSROLWLFDO
WUDQVIRUPDWLRQ&DEUHUD&DVWUR6XJL\DPDD6XFKGUDPDWLFFKDQJHVFDQEHLGHQWLILHGWKURXJK
HYLGHQFHRIWKHGHPROLWLRQDQGEXUQLQJRIWKHROGWHPSOHWKHORRWLQJRIVHYHUDORIWKHGHGLFDWRU\
FRPSOH[HVDQGDERYHDOOWKHGHIDFHPHQWRIWKHODUJHIHDWKHUHGVHUSHQWVFXOSWXUHVRQWKHIDFDGHV
6XJL\DPDE6XFKDWUDQVIRUPDWLRQSDUWLFXODUO\WKHGHIDFHPHQWDQGEXUQLQJRIVXFKHODERUDWHDQG
H[SHQVLYHVWRQHVFXOSWXUHVKDYHEHHQXVHGWRDUJXHIRUDVKLIWLQWKHSROLWLFDOVWUXFWXUHDQGFKDQJHLQWKH
IRFXVIURPWKH)HDWKHUHG6HUSHQWV\PEROLVPDWWKHVRXWKHUQVHFWRURIWKHFLW\WRDGLVWLQFWVXLW&DEUHUD
&DVWUR6XJL\DPDD
=RRDUFKDHRORJLFDOLQYHVWLJDWLRQRIVRPHRIWKHILOOPDWHULDOIURPWKLVPRQXPHQWÈOYDUH]DQG
2FDxDDVZHOODVDPRUHH[WHQVLYHDQDO\VLVRIWKHVHFDQLGQHFNODFHVKDYHDOUHDG\EHHQFRQGXFWHG
9DODGH]$]~DHWDO:KLOHWKLVVDPSOHZDVQRWVWXGLHGDVSDUWRIWKHGLVVHUWDWLRQSURMHFWWKLV
GDWDVHWSURYLGHGDXVHIXOFRPSDUDWLYHH[DPSOHLQUHODWLRQWRWKH0RRQ3\UDPLGDQG6XQ3\UDPLG
FROOHFWLRQV7REHJLQLWLVDSSDUHQWWKDWWKHUHLVDVWDJJHULQJODFNRI]RRDUFKDHRORJLFDOUHPDLQVIURP
ULWXDOFRQWH[WVIURPWKLVPRQXPHQWSDUWLFXODUO\LQFRPSDULVRQWRWKH0RRQ3\UDPLGDVVHPEODJH7KH
RQO\QRWHZRUWK\PDWHULDOVWKDWDUHFRPSDUDEOHWRWKHHODERUDWHGLVSOD\RIIDXQDOPDWHULDOVIRXQGDWWKH
0RRQ3\UDPLGDUHWKHFDQLGPD[LOODU\SHQGDQWVWKDWDGRUQHGVRPHRIWKHVDFULILFLDOYLFWLPV7KLV
FROOHFWLRQLVSDUWLFXODUO\UHOHYDQWWRXQGHUVWDQGVRPHRIWKHFUDQLDOUHPDLQVIURP(QWLHUURWKDWDOVR
FRQVLVWHGRIFRPSRVLWHHOHPHQWVZKLFKLVGLVFXVVHGLQPRUHGHWDLOLQ&KDSWHU
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3URGXFLQJ0RQXPHQWDOLW\DW7HRWLKXDFDQ
 $VGHVFULEHGLQ&KDSWHUHDFKRIWKHVHPRQXPHQWVZHUHDFWLYHSODFHVRQWKHODQGVFDSHWKDW
ZHUHDFWLYDWHGGHILQHGDQGUHGHILQHGWKURXJKRXWWKHRFFXSDWLRQRI7HRWLKXDFDQDQGHYHQLQWKHSUHVHQW
FRQWLQXHWREHDFWLYHFRQVWUXFWVWKDWGHILQHWKHVRFLRFXOWXUDOODQGVFDSH,QWHJUDOWRXQGHUVWDQGLQJWKH
IXQFWLRQDQGPHDQLQJRIWKHVHPRQXPHQWVLVUHFRQVWUXFWLQJWKHDFWLRQVWKDWWUDQVIRUPHGWKHVHORFDWLRQV
LQWRHPSRZHUHGDQGDQLPDWHV\PEROVRI7HRWLKXDFDQLPSHULDOLVPDQGGRPLQDWLRQ7KLVGLVVHUWDWLRQ
FORVHO\H[DPLQHVWKHGHGLFDWRU\ULWXDOVDVRQHRIWKHDUHQDVZKHUHVXFKSRZHUVWUXFWXUHVZHUHUHLILHGDQG
DUJXHVWKDWDQLPDOVZHUHDFWLYHSDUWLFLSDQWVLQVXFKDFWVDWGLIIHULQJGHJUHHVWKURXJKRXWWKHSURGXFWLRQRI
HDFKRIWKHPDMRUPRQXPHQWVDW7HRWLKXDFDQ7HDVLQJDSDUWKRZWKHXVHDQGSURGXFWLRQRIDQLPDOV
FKDQJHGZLWKLQWKHFRQWH[WRIEXLOGLQJPRQXPHQWDOHQWLWLHVKHOSVGLVHQWDQJOHWKLVTXHVWLRQ
7KHSUHVHQWFKDSWHUFRQWH[WXDOL]HGWKHDUFKDHRORJLFDOHYLGHQFHWRFRQVWUXFWDFKURQRORJLFDOO\
VLWXDWHGQDUUDWLYHRIWKHSK\VLFDOLW\RIKRZWKHPRQXPHQWVZHUHEXLOWDQGFRQVLVWHQWO\PRGLILHG
)XUWKHUPRUHWKLVFKDSWHULQWURGXFHGWKHHYLGHQFHDYDLODEOHIURPHDFKRIWKHGHGLFDWRU\ULWXDOVWKDWWRRN
SODFHGXULQJWKHSURGXFWLRQRIWKHVHPRQXPHQWV7KLVLQIRUPDWLRQDOORZVXVWRNH\LQRQDSDUWLFXODU
SRLQWLQWKHGHYHORSPHQWRIWKH7HRWLKXDFDQVDWHGXULQJWKHFRQVWUXFWLRQRIWKHFHUHPRQLDOFHQWHUPDUNHG
E\WKHWKUHHODUJHPRQXPHQWDOVWUXFWXUHVWKDWRULHQWWKHULWXDOL]HGODQGVFDSH7KLVSHULRGPDUNVWKH
TXLQWHVVHQWLDOSHULRGIRUFRQFUHWLQJSUHYDLOLQJVWDWHLGHRORJLHVWRDQXQSUHFHGHQWHGVFDOHDQGWKXV
SURYLGHVDQRSSRUWXQLW\WRUHFRQVWUXFWVRPHRIWKHVRFLDOSURFHVVHVGXULQJWKHGHILQLWLRQRIWKHVH
PRQXPHQWVDVHVVHQWLDOSODFHVWKDWHPERGLHGWKHVHQHZO\DULVLQJVRFLDOUHODWLRQVKLSV
7KHULFKDUFKDHRORJLFDOGDWDDYDLODEOHIURPH[FDYDWLRQVDWHDFKRIWKHVHPRQXPHQWVSURYLGHD
XQLTXHRSSRUWXQLW\WRUHFRQVWUXFWWKHUHPDLQVRILQGLYLGXDODQLPDOVXEMHFWVZLWKWLJKWVSDWLDOWHPSRUDO
FRQWURO6XFKLQIRUPDWLRQLVQHFHVVDULO\IRUWKHW\SHRIOLIHKLVWRU\UHFRQVWUXFWLRQDSSURDFKWDNHQLQWKH
SUHVHQWVWXG\,QFRQWLQXDWLRQ,GHVFULEHWKH]RRDUFKDHRORJLFDOPHWKRGRORJ\DSSOLHGDQGLQWURGXFHWKH
PDLQDFWRUVXQGHUFRQVLGHUDWLRQLQWKHSUHVHQWVWXG\
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&+$37(5
6WUDWHJLHV=RRDUFKDHRORJLFDO,QTXLU\DQG,QWURGXFLQJWKH$FWRUV
7KLVFKDSWHULQWURGXFHVWKHPHWKRGRORJLFDOSDUDPHWHUVXWLOL]HGIRUWKH]RRDUFKDHRORJLFDODQDO\VLV
WKDWLVWKHIRXQGDWLRQRIWKLVGLVVHUWDWLRQ,DOVREULHIO\GLVFXVVZKDWIDXQDOUHVHDUFKKDVEHHQFRQGXFWHGDW
7HRWLKXDFDQZKLFKFRPSDUHVWKHVSHFLHVGLVWULEXWLRQRIGRPHVWLFUHIXJHIURPULWXDOL]HGFRQWH[WV
6XEVHTXHQWO\DFDVWLQJRIWKHPDLQDFWRUVRIWKHULWXDOVSHFWDFOHLVSUHVHQWHG7KLVLQFOXGHVWKHVSHFLHV
ELRORJLFDOHFRORJLFDODQGEHKDYLRUDOFKDUDFWHULVWLFVDQGKRZVSHFLHVDJHDQGVH[ZHUHGHWHUPLQHG,IWKH
DQLPDOKDVEHHQLGHQWLILHGIURPRWKHUFRQWH[WVDQGLWVV\PEROLVPZLWKLQWKHJUHDWHU0HVRDPHULFDQ
FRQWH[WLVDOVRLQWURGXFHG:KLOHWKHUHZDVVRPHIDXQDOGLYHUVLW\LQGHGLFDWRU\FRQWH[WVWKHUHZHUH
SDUWLFXODUNH\DFWRUVWKDWZHUHHPSKDVL]HLQPXOWLSOHFRQWH[WVWKHIHOLGVSXPDVDQGMDJXDUVWKHFDQLGV
PDLQO\ZROYHVWKHUDSWRUVSDUWLFXODUO\HDJOHVDQGWKHUDWWOHVQDNHV7KHVHDQLPDOVZHUHWKHPDLQIRFXV
RIWKHGLVVHUWDWLRQDV,DUJXHWKDWWKHVHVSHFLHVZHUHFRQYHUWHGLQWRVWDWHV\PEROVLQWHJUDOWRWKH
FRQFUHWLRQRI7HRWLKXDFDQ¶VVWDWHLGHRORJ\RQWRWKHULWXDOL]HGODQGVFDSH
=RRDUFKDHRORJLFDO,QTXLU\
7KHDQDO\WLFDOWHFKQLTXHXWLOL]HGLQWKLVVWXG\IROORZVVWDQGDUG]RRDUFKDHRORJLFDOSUDFWLFH5HLW]
DQG:LQJRQHYHU\VSHFLPHQIRXQGLQRIIHULQJFRQWH[WVIURPWZRSURMHFWV3UR\HFWR3LUiPLGHGHOD
/XQD33/DQG3URJUDPDGH&RQVHUYDFLyQH,QYHVWLJDFLyQHQHO&RPSOHMR$UTXLWHFWyQLFRGHOD3LUiPLGH
GHO6RO336$QHIIHFWLYHUHFRQVWUXFWLRQFRQVROLGDWLRQDQGUHFRUGLQJV\VWHPIRUWKHIDXQDOUHPDLQVKDV
EHHQGHYLVHGLQFROODERUDWLRQZLWK5D~O9DODGH]DQGKLVWHDPDWWKH8QLYHUVLGDG1DFLRQDO$XWyQRPDGH
0p[LFR81$0ZKRPFRQGXFWHGWKHIDXQDODQDO\VLVRIWKHPDWHULDOVIURP%XULDOZLWKP\VHOI
)XUWKHUJXLGDQFHZDVSURYLGHGE\2VFDU3RODFRIURPWKH,QVWLWXWR1DFLRQDOGH$QWURSRORJLDH+LVWRULD
,1$+$VWKHPDWHULDOVZHUHH[FDYDWHGRYHUWKHFRXUVHRIYDULRXVILHOGVHDVRQVE\WKHWZRSURMHFWV
33/336UHFRYHU\DQGUHFRQVWUXFWLRQFRQVROLGDWLRQSURFHGXUHVYDULHG
+RZHYHUDVDOOWKHPDWHULDOVZHUHDQDO\]HGRUUHDQDO\]HGE\P\VHOIIROORZLQJWKHVDPHVWDQGDUG

&ROODERUDWRUVLQFOXGH$OLFLD%ODQFR*LOEHUWR3pUH]%HUQDUGR5RGUtJXH]DQG)DELROD7RUUHV
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SURFHGXUHVH[SODLQHGEHORZWKLVDVVHPEODJHSURYLGHVDXQLTXHRSSRUWXQLW\WRFRPSDUHEHWZHHQWKH
GLIIHUHQWFRQWH[WV
5HFRYHU\RIWKHIDXQDIURP%XULDOVDQGZHUHVXSHUYLVHGE\2VFDU3RODFRDQGRWKHU
]RRDUFKDHRORJLVWVIURPWKH$UFKDHR]RRORJ\/DERUDWRU\,1$+ZKLOHRQVLWHLGHQWLILFDWLRQDQG
H[FDYDWLRQRIPDWHULDOVIURP%XULDOZHUHFRQGXFWHGE\5D~O9DODGH]DQGKLVWHDPIURPWKH
3DOHR]RRORJ\/DERUDWRU\81$07KHPDWHULDOVIURPWKH6XQ3\UDPLGZHUHH[FDYDWHGDQGDQDO\]HGE\
16XJL\DPD(DFKDQLPDOZDVGUDZQin situE\WKHDUFKDHRORJLVWVRQVLWHSKRWRJUDSKVWDNHQDQGZHUH
DVVLJQHGDQ(OHPHQWRQXPEHUIRUHDFKERQHFRQFHQWUDWLRQXVXDOO\UHIOHFWLQJDQLQGLYLGXDODQLPDO7KH
SUHVHQFHRI]RRDUFKDHRORJLVWVRQVLWHZHUHNH\IRUVXFKGHVLJQDWLRQVEXWVHYHUDORIWKHFRQWH[WVSURYHG
WREHGLIILFXOWFRQVLGHULQJWKHYHU\IUDJPHQWDU\DQGGHJUDGHGVWDWHRIWKHUHPDLQV7KLVZDVSDUWLFXODUO\
WKHFDVHIRU%XULDOVDQGPDNLQJWRWDOPLQLPXPQXPEHURILQGLYLGXDOV01,FRXQWVGLIILFXOW,QVXFK
FDVHVDSSUR[LPDWHFOXVWHUVRIERQHFRQFHQWUDWLRQVZHUHJURXSHGDQGGHVLJQDWHGVHSDUDWH(OHPHQWR
QXPEHUV1HHGOHVVWRVD\DQLPDOUHPDLQVIURPPXOWLSOHLQGLYLGXDOVZHUHVRPHWLPHVIRXQGPL[HG
WRJHWKHUEXWWKHFDUHIXOGUDZLQJVSHUPLWWHGUHDVVHPEOLQJVRPHRIWKHLVRODWHGERQHIUDJPHQWV
'XHWRWKHSULVWLQHSULPDULO\FRQWH[WWKHFDUHIXOFRQWH[WXDOGDWDUHFRUGHGDQGWKHPHWLFXORXV
H[FDYDWLRQWHFKQLTXHVDSSOLHGLWZDVSRVVLEOHWRUHFRQVWUXFWLQGLYLGXDOVin situZLWKLQWKHULFK
DUFKDHRORJLFDOIUDPHZRUNWKDWLWZDVIRXQG'HVLJQDWLQJERQHDVVHPEODJHVLQWRGLVWLQFWDQLPDOV
SHUPLWWHGXQUDYHOLQJWKHFRPSOH[OLIHKLVWRULHVRILQGLYLGXDODQLPDOVEH\RQGWKHFRQYHQWLRQDODQDO\VLVRI
MXVWWKHchanîe opératoireWKHSURFHVVRIDFTXLVLWLRQSUHSDUDWLRQXWLOL]DWLRQDQGGLVFDUG6XFKDQLPDO
ELRJUDSKLHVIRFXVHVRQWKHLQGLYLGXDODVDOLYHHQWLW\SHUPLWWLQJWKHLQWHUSUHWDWLRQRIWKHDQLPDOZLWKLQWKH
WKHRUHWLFDOIUDPHZRUNGLVFXVVHGLQ&KDSWHUDVRQWRORJLFDOVXEMHFWV

2WKHUSDUWLFLSDQWVLQFOXGHG)HOLVD$JXLODU$UHOODQR0DULD7HUHVD2OLYHUD&DUUDVFRDQG1RUPD9DOHQWtQ
0DOGRQDGR
³(OHPHQWR´QXPEHUVUHIHUWRDUWLIDFWQXPEHUVDVVLJQHGLQWKHILHOGIRUDOOREMHFWZLWKSURYHQLHQFH7KLVGLIIHUV
IURPHOHPHQWVLQWKHDQDWRPLFDOVHQVHXWLOL]HGLQ]RRDUFKDHRORJLFDODQDO\VLV,ZLOOUHIHUWRDQLPDOFRQFHQWUDWLRQV
GHILQHGLQWKHILHOGE\LWVXQLTXH(OHPHQWRQXPEHUWRGLVWLQJXLVKZLWKWKLVWHUPDQGWKHDQDWRPLFDOGHVLJQDWLRQRID
ERQHHOHPHQW
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Consolidation/Reconstruction 
7KHPDWHULDOVDQDO\]HGLQWKLVGLVVHUWDWLRQRULJLQDWHIURPYHU\XQLTXHFRQWH[WVLQGHGLFDWRU\
FDFKHVDVVRFLDWHGZLWKVRPHRIWKHPRVWH[TXLVLWHDUWLIDFWVFRQVLGHUHGSDUWRI0H[LFR¶VQDWLRQDOKHULWDJH
7KXVWKHLUIXOOUHFRYHU\UHVWRUDWLRQUHFRQVWUXFWLRQDQGSUHVHUYDWLRQRIWKHFROOHFWLRQDVDZKROHZDVD
PDMRUFRQFHUQIRUWKHSURMHFW$OUHDG\PDQ\RIWKHVHIDXQDKDYHEHHQXWLOL]HGLQPXVHXPH[KLELWLRQVDQG
ORQJWHUPSUHVHUYDWLRQDQGDSSURSULDWHVWRUDJHFRQGLWLRQVZDVDFHQWUDOIDFWRULQGHYLVLQJWKH
PHWKRGRORJ\DSSOLHG'XHWRWKHPDMRUGLIIHUHQFHVLQWKHSUHVHUYDWLRQEHWZHHQFRQWH[WVDQGHYHQZLWKLQ
WKHVDPHEXULDOH[WUDFWLRQDQGFRQVROLGDWLRQUHVWRUDWLRQSURFHGXUHVYDULHG6RPHLQGLYLGXDOVZHUH
UHFRYHUHGFRPSOHWHZLWKYHU\OLWWOHQHHGIRUDQ\IXUWKHUPDQLSXODWLRQWKDQVLPSOHFOHDQLQJZLWKDGU\
EUXVKDQGSLHFLQJ2WKHUVZHUHOLIWHGDVDEORFNDYRLGLQJWKHHQWLUHVNHOHWRQIURPGHWHULRUDWLQJ
,QIRUPDWLRQDERXWWKHUHVWRUDWLRQDQGSLHFLQJSURFHGXUHVIRUHDFKLQGLYLGXDOZDVUHFRUGHGLQWKHGDWDEDVH
+HUH,VXPPDUL]HWKHFRQVROLGDWLRQPHWKRGVDSSOLHGRQHDFKEXULDOWKDWFRUUHVSRQGWRWKHGLIIHUHQW
DQDO\VWVWKDWZHUHLQFKDUJHRIWKHFROOHFWLRQ
3URWRFROIRUWKHFRQVROLGDWLRQDQGUHVWRUDWLRQRI%XULDOEHLQJWKHILUVWFROOHFWLRQDQDO\]HGZDV
GHYLVHGZLWK5D~O9DODGH]DQGKLVWHDP81$0ZLWKWKHDLGRI0DULD/XLVD0DLQRXIURPWKH(VFXHOD
1DFLRQDOGH&RQVHUYDFLyQ\5HVWXUDFLyQ7KLVFROOHFWLRQZDVRQHRIWKHEHWWHUSUHVHUYHGFRQWH[WVIURP
WKH33/UHVXOWLQJLQPDQ\LQWDFWUHPDLQVWKDWZHUHFRPSOHWHO\UHVWRUHG+RZHYHUWKHUHZHUHSOHQW\RI
YHU\IUDJPHQWDU\DQGVRPHWLPHVHYHQSXOYHUL]HGVSHFLPHQVWKDWUHTXLUHGH[WHQVLYHWUHDWPHQW7KLV
LQFOXGHGWKHXVHRIWZRFRQVROLGDQWVLQYHQWHGE\0DLQRXFDOOHG5HFRQRVDQG5HFRQRVERWKGLOXWHG
LQGLVWLOOHGZDWHUWKHIRUPHUGULSSHGRQWRWKHERQHVGLUHFWO\GXULQJWKHLQLWLDOFOHDQLQJDQGH[WUDFWLRQ
RIWKHUHPDLQVWRHQDEOHPDQLSXODWLRQRIWKHVSHFLPHQDQGWKHODWWHUDSSOLHGVXEPHUJHGRYHUQLJKWWR
VROLGLI\,QWKHEHJLQQLQJDOOVSHFLPHQVXQGHUZHQWWKHVDPHFRQVROLGDWLRQSURFHGXUHVOHDYLQJRQHGHQWDO
DQGRQHERQHIUDJPHQWXQWUHDWHGEXWVXEVHTXHQWO\FRQVROLGDQWVZHUHDSSOLHGRQO\RQSRRUO\SUHVHUYHG
VSHFLPHQV2QFHWKHIDXQDOUHPDLQVFRPSOHWHO\GULHGIUDJPHQWVZHUHSLHFHGWRJHWKHULQWKHEHJLQQLQJ
ZLWKFRQYHQWLRQDOJOXH5HVLVWROWKDWZDVODWHUUHYLVHGWRWKHXVHRI3DUDORLG%,QDOOFDVHV
SKRWRJUDSKLFUHFRUGVZHUHNHSWSULRUWRDQGSRVWFRQVROLGDWLRQSUHVHUYDWLRQ
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%XULDOVDQGKDGDOUHDG\XQGHUJRQHVRPHUHVWRUDWLRQDQGFRQVROLGDWLRQSURFHGXUHVE\,1$+
SHUVRQQHOZKHQ,EHJDQDQDO\VLV7KLVLQFOXGHGLWVVXEPHUVLRQLQWRFRQYHQWLRQDOJOXH5HVLVWRO
GLOXWHGZLWKZDWHUXQNQRZQFRQFHQWUDWLRQRYHUQLJKWSULRUWRSLHFLQJLWZLWKWKHVDPHJOXH6DPSOHVWKDW
KDYHREYLRXVO\XQGHUJRQHWKLVSURFHGXUHDUHUHFRUGHGLQWKHGDWDEDVHLGHQWLILHGE\WKHWUDQVSDUHQWOD\HU
RQWKHVXUIDFH%XULDODOWKRXJKKRXVHGDWWKH,1$+ODERUDWRU\VHHPHGWRQRWKDYHXQGHUJRQH
FRQVROLGDWLRQSULRUWRP\DQDO\VLV6XEVHTXHQWFRQVROLGDWLRQSURWRFROVZHUHUHFRUGHGLQWKHGDWDEDVH
6RPHGLGQRWQHHGDQ\FRQVROLGDWLRQRWKHUVRQO\DSSOLHG5HFRQRVDQGRQO\LQH[WUHPHFDVHVZDVERWK
5HFRQRVDQG5HFRQRVHPSOR\HG7KHVHPDWHULDOVZHUHODWHUJOXHGZLWK3DUDORLG%
2QFHWKHVSHFLPHQVZHUHFRQVROLGDWHGDQGUHSLHFHGWKHFROOHFWLRQZDVDUUDQJHGLQDQDWRPLFDO
RULHQWDWLRQWRIDFLOLWDWHDQDO\VLVFRGLQJDQGSKRWRJUDSK\7KHQPDWHULDOVZHUHSODFHGLQWRDZKLWHVSRQJH
(WKDIRDPLQWKLVOD\RXWIDFLOLWDWLQJLGHQWLILFDWLRQDQGGLVSOD\IRUODWHUVWXGLHVRUIRUPXVHXPH[KLELWLRQ
7KLVW\SHRIVWRUDJHVWUDWHJ\SUHYHQWVIXUWKHUIUDJPHQWDWLRQGXULQJWUDQVSRUWDWLRQDQGLVDSWIRUORQJWHUP
XVDJH)LQDOVWRUDJHFRQGLWLRQVZHUHSKRWRJUDSKHGSURYLGLQJDEDVLVWRPRQLWRUORQJWHUPFKDQJHVLQWKH
IDXQDOFROOHFWLRQPLVVLQJHOHPHQWVFRQVROLGDWLRQVWDWXVGLVFRORUDWLRQHWF
Coding and Database 
'XULQJDQDO\VLVHDFKLQGLYLGXDOZDVFRGHGVSHFLHVVL]HFODVVDJHVH[SUHVHQFHDEVHQFHRI
VXUIDFHPRGLILFDWLRQDQGLWVORFDWLRQHOHPHQWGLVWULEXWLRQFRQVROLGDWLRQSURFHGXUHVXWLOL]HGDQGERQH
PHDVXUHPHQWV$OORIWKHGDWDFROOHFWLRQVKHHWVDQGFRGLQJLQWRWKHGDWDEDVHZDVFRQGXFWHGLQ6SDQLVK
7KHGDWDZHUHHQWHUHGLQWRDGDWDEDVH0LFURVRIW$FFHVVFUHDWHGDQGPDQDJHGE\P\VHOIFRGHGLQD
PDQQHUVLPLODUWR%21(&2'(0HDGRZD7HPSODWHVZHUHXVHGWRUHFRUGWKHORFDWLRQVRI
SDWKRORJLHVDQGDQ\RWKHUVXUIDFHPRGLILFDWLRQVDVZHOODVWKHSUHVHQFHDEVHQFHRIHOHPHQWV7ZROHYHOV
RILGHQWLILFDWLRQVZHUHFRGHGIRUHDFKLQGLYLGXDOLQWRWKHGDWDEDVHRQHWKDWFRQWDLQVFRQWH[WXDO
LQIRUPDWLRQLQFOXGLQJEDVLFGDWDUHFRYHUHGVSHFLHVVL]HFODVVHWFDQGDQRWKHUWKDWFRQWDLQHGVSHFLILF
GDWDSHUWLQHQWWRWKHVSHFLHVLQTXHVWLRQ)RUH[DPSOHSDUWLFXODUFUDQLDODQGSRVWFUDQLDOHOHPHQW
PHDVXUHPHQWVIXVLRQOHYHOVDQGSUHVHQFHDQGPHDVXUHPHQWVRIGHFLGXRXVGHQWLWLRQIRUHDFKRIWKH
IDXQDOFDWHJRULHVIHOLGFDQLGDYLDQPDWHULDOVDQGVQDNHVZHUHWDNHQGHSHQGHQWRQWKHSK\VLRORJLFDO
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FKDUDFWHULVWLFVRIWKHVSHFLHLQTXHVWLRQ&RPELQHGWKHGDWDEDVHZDVXVHIXOIRUTXHULHVDQGVWDWLVWLFDO
DQDO\VLVDWERWKJHQHUDOOHYHOVDFURVVFRQWH[WVDQGVSHFLHVDVZHOODVZLWKLQDSDUWLFXODUEXULDORUDQLPDO
:KLOHWKHPDMRULW\RIWKHDVVHPEODJHGLVFXVVHGLQWKHGLVVHUWDWLRQZHUHIURPSULPDU\FRQWH[WV
VRPHIDXQDZHUHPL[HGLQZLWKEXULDOILOO7KH\UHSUHVHQWHLWKHUPDWHULDOWKDWZHUHLQFRUSRUDWHGLQWRWKH
RULJLQDOILOOPDWUL[RULVRODWHGERQHIUDJPHQWVWKDWZHUHQRWUHFRYHUHGin situ$VWKHVHPDWHULDOV
UHSUHVHQWDPL[WXUHRISULPDU\LPPHGLDWHGLVFDUGVHFRQGDU\WUDQVIHUIURPORFXVRIRULJLQDQGWHUWLDU\
GHSRVLWVUHGHSRVLWLRQRIWUDQVSRUWHGPDWHULDOVZHPXVWH[DPLQHWKHIDXQDOUHFRUGFRQVLGHULQJDOOWKH
SRVVLEOHQDWXUDODQGFXOWXUDOSURFHVVHVWKDWPD\KDYHDIIHFWHGWKHDVVHPEODJH0HDGRZE,Q
WKHIXWXUHLWPD\EHKHOSIXOWRFRPSDUHWKLVFRQWH[WZLWKWKHIDXQDOUHPDLQVIURPWKHILOOPDWUL[
UHFRYHUHGIURPWKHWXQQHOH[FDYDWLRQV,QFRQWLQXDWLRQ,GLVFXVVHDFKRIWKHSURSHUWLHVFRGHGLQWKH
SUHVHQWVWXG\
7D[RQRPLF,GHQWLILFDWLRQ
$FFXUDWHWD[RQRPLFLGHQWLILFDWLRQLVFUXFLDOWRXQGHUVWDQGZKLFKVSHFLHVZHUHVHOHFWHGIRUULWXDO
SXUSRVHVDQGFRPSDUHWKHPWRWKHVSHFLHVGLVWULEXWLRQIRXQGLQWKHKDELWDWLRQVLWHV6WDUEXFN
9DODGH]$]~DDQGWKHQDWXUDOHQYLURQPHQWLQWKH7HRWLKXDFDQ9DOOH\*DPLR
,GHQWLILFDWLRQVDUHODUJHO\EDVHGRQPRUSKRORJLFDODQGPHWULFGLVWLQFWLRQVLGHQWLILHGLQWKHOLWHUDWXUH
%ODQFR3DGLOODHWDO(OEURFK*LOEHUW*LOEHUWHWDO0F.XVLFN2OVHQ
6HUMHDQWVRQ)XUWKHUPRUH,FRQVXOWWKHFRPSDUDWLYHFROOHFWLRQVKRXVHGLQWKH
3DOHR]RRORJ\/DERUDWRU\81$0WKH$UTXHR]RRORJLFDO/DERUDWR\LQWKH,QVWLWXWR1DFLRQDOGH
$QWURSROJtDH+LVWRULD,1$+ÈOYDUH]DQG2FDxDDQGWKHPDPPDOLDQFROOHFWLRQIURPWKH
%LRORJ\,QVWLWXWH81$0&HUYDQWHVHWDOLQ0H[LFR6XSSOHPHQWDOLGHQWLILFDWLRQVZHUH
FRQGXFWHGXWLOL]LQJFROOHFWLRQVDWWKH0XVHXPRI&RPSDUDWLYH=RRORJ\DQGWKH=RRDUFKDHRORJ\
/DERUDWRU\+DUYDUG8QLYHUVLW\LQWKH86$6HOHFWLYHPHDVXUHPHQWVZHUHWDNHQEDVHGRQYRQGHQ
'ULVFKZLWKPLQRUPRGLILFDWLRQVEDVHGRQRWKHUVRXUFHV%ODQFR3DGLOODHWDO,VLGUR/XQD
0RQWVHUUDW0RUDOHV0HMtDHWDO
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&RGLQJWKHWD[RQRPLFGHVLJQDWLRQZDVFRPSOHWHGDWWKHFODVVRUGHUIDPLO\JHQXVDQGVSHFLHV
OHYHO$VGHVFULEHGEHORZZKLOHWKHUHLVVRPHGLYHUVLW\LQWKHVSHFLHVUHSUHVHQWHGWKHPDMRULW\RIWKH
SULPDU\EXULDOVDQGRIIHULQJVSODFHGLQWKHFDFKHVZHUHVWDQGDUGL]HGVSHFLHVUHSHDWHGO\XWLOL]HGLQDOO
WKUHHPRQXPHQWV
$JHDQG6H[
'HWHUPLQLQJWKHDJHDQGVH[RIHDFKDQLPDODUHLPSRUWDQWWRXQGHUVWDQGWKHVHOHFWLRQSURFHVV
6XFKLQIRUPDWLRQFDQKHOSLQWHUSUHWWKHV\PEROLVPEHKLQGHDFKVSHFLHVIHPDOHVIHUWLOLW\YV
PDOHVZDUIDUHDQGWKHKXQWLQJDQGFDSWXULQJSURWRFROV$JLQJDQGVH[LQJDQLPDOERQHVLVRIWHQGLIILFXOW
DQGVSHFLHVVSHFLILFGLIIHUHQFHVUHTXLUHVWKHLPSOHPHQWDWLRQRILQGHSHQGHQWVWUDWHJLHVIRUHDFKRI
GLIIHUHQWWD[DLQYROYHG&URZH*D\DQG%HVW-ROLFRHXU6LOYHU$XQLTXHFRGLQJ
V\VWHPDOORZLQJIRUWKLVLQWUDVSHFLHVYDULDWLRQKDVEHHQGHYLVHGSDUWLFXODUO\DOORZLQJIRUWKHSUHFLVH
UHFRUGLQJRIPRUSKRPHWULFWUDLWVGLVFXVVHGEHORZ
$JHGHVLJQDWLRQVRIVHDVRQDOO\EUHHGLQJDQLPDOVDUHSDUWLFXODUO\XVHIXOIRUGHWHUPLQLQJ
VHDVRQDOLW\/HJJHHWDO7KHDJHRIPDPPDOVDUHUHFRUGHGEDVHGRQJURZWKDQGVWUXFWXUDO
FKDQJHVLQERQHVDQGWHHWKGXULQJGHYHORSPHQW7KH\UHO\SULPDULO\RQWKHOHYHORIIXVLRQDORQJJURZWK
SODWHVRQERQHVWKHJURZWKDQGVL]HRIWKHERQHVDQGWKHHUXSWLRQDQGZHDUVHTXHQFHRIWHHWK,QWKH
SUHVHQWVWXG\WKHSUHVHQFHDEVHQFHDQGWKHGHJUHHRIIXVLRQZDVUHFRUGHGDVQRWUHOHYDQWQRIXVLRQSODWH
LQWKLVERQHVSHFLHIXOO\IXVHGPRVWO\IXVHGRYHUòIXVHGOHVVWKDQòIXVHGEDUHO\IXVHGDQGXQIXVHG
)RUPDPPDOLDQVSHFLHVZKHUHWRRWKHUXSWLRQDQGZHDUVHTXHQFHVDUHLQFUHGLEO\XVHIXOIRUDJH
GHWHUPLQDWLRQWKHSUHVHQFHDEVHQFHRIWHHWKWKHLUPHDVXUHPHQWVDQGWKHGHJUHHRIZHDULQJZKHQ
GLVFHUQLEOHZDVFKDUDFWHUL]HG/XFNLO\WKHPDMRULW\RIWKHFROOHFWLRQDQDO\]HGLQWKHSUHVHQWVWXG\ZHUH
FRPSRVHGRIPDPPDOVDQGWKXVWKHVHDJHGHVLJQDWLRQPHWKRGVZHUHDSSOLHG
$JHJURXSVZHUHDVVLJQHGWRHDFKRIWKHLQGLYLGXDOVGHVLJQDWHGDVLQIDQWMXYHQLOHLQIDQWMXYHQLOH
MXYHQLOHDGXOW\RXQJDGXOWDGXOWVHQLRUDQGLQGHWHUPLQDWH,IPRUHVSHFLILFLGHQWLILFDWLRQVZHUHSRVVLEOH
WKH\ZHUHQRWHGHJPRQWKVRIDJH2IFRXUVHZKDWFRQVWLWXWHVDQ\RQHRIWKHVHDJHJURXSVYDULHGE\
VSHFLHVGHSHQGHQWRQWKHOLIHF\FOHRIWKHRUJDQLVPDQGLVSUHVHQWHGDWDVSHFLHVOHYHOEHORZ
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,GHQWLI\LQJWKHVH[RIWKHLQGLYLGXDOFDQEHH[WUHPHO\FKDOOHQJLQJSDUWLFXODUO\LIWKH\ZHUH\RXQJ
7KLVLVEHFDXVHLWLVUHOLDQWRQVH[XDOGLPRUSKLVPDQG\RXQJDQLPDOVKDYHQRWUHDFKHGWKHLUIXOOERG\
PDVV'XHWRWKHDSSDUHQWDEXQGDQFHRI\RXQJDQLPDOVLQWKLVFROOHFWLRQWKHPDMRULW\RIWKHIDXQD
UHPDLQHGVH[XDOO\LQGLVWLQJXLVKDEOH$JDLQVSHFLHVVSHFLILFPHWKRGVRIGHWHUPLQLQJVH[YDULHGZLGHO\
DQGLVGLVFXVVHGLQIXUWKHUGHWDLOEHORZ
(OHPHQW'LVWULEXWLRQDQG01, 
:KLOHPDQ\RIWKHLQGLYLGXDOVZHUHLQWHUUHGFRPSOHWHVRPHZHUHSUHSDUHGDVSHOWVRUDVRWKHU
RUQDPHQWVHJPDQGLEXODUQHFNODFHV0DSSLQJRXWWKHHOHPHQWGLVWULEXWLRQRIWKHIDXQDODUWLIDFWVFDQ
SLQSRLQWZKLFKERG\SDUWVZHUHSUHVHQWKRZWKH\ZHUHSUHSDUHGDQGFDQLGHQWLI\WKHSUHVHQFHRI
GLIIHUHQWLDOSUHVHUYDWLRQ)XUWKHUPRUHVXFKYLVXDODSSURDFKHVWRHOHPHQWGLVWULEXWLRQFDOFXODWHPRUH
DFFXUDWH01,FRXQWV0DUHDQHWDO7KLVLVSDUWLFXODUO\XVHIXOLQVLWXDWLRQVZKHUHWKHIDXQDO
UHPDLQVZHUHH[WUHPHO\IUDJPHQWHGPDNLQJLWLPSRVVLEOHWRUHFRUGPRUHWKDQWKHPHUHSUHVHQFHRIWKH
WHHWK7KXVWHPSODWHVZHUHXVHGWRVSDWLDOO\UHFRUGWKHHOHPHQWGLVWULEXWLRQWKDWDWWKHVDPHWLPH
UHFRUGHGWKHVSDWLDORUGHULQJRIRWKHUVXUIDFHIHDWXUHV
0DUHDQDQGFROOHDJXHVKDYHGHYLVHGDV\VWHPWKDWUHFRUGVERQHIUDJPHQWVRQDVSDWLDO
GDWDEDVH$UF9LHZWRRYHUFRPHVRPHRIWKHELDVHVLQKHULWLQDQRQYLVXDODSSURDFK)RUH[DPSOHWKH
IUDFWLRQVXPPDWLRQDSSURDFKZKHUHIUDFWLRQVRIGLDJQRVWLF]RQHVDUHUHFRUGHGLQWRDGDWDEDVH.OHLQDQG
&UX]8ULEH6XFKDSSURDFKHVDUHVXEMHFWWRGLIIHUHQWLDOVXUYLYDELOLW\LQWHUDQDO\VLVYDULDELOLW\LQ
]RQHGHVLJQDWLRQVGLVHQDEOHVDFRUUHODWLRQWRWKHFRPSOHWHQHVVRIERQHDQGODFNVFRPSDWLELOLW\ZLWK
RWKHUVSDWLDOLQIRUPDWLRQVXFKDVWKHSUHVHQFHDQGORFDWLRQRIVXUIDFHPRGLILFDWLRQV0DUHDQHWDO
,QVWHDGWKHYLVXDODSSURDFKLQYHVWLJDWHVWKHVSDWLDORYHUODSRIIUDJPHQWVDFFRXQWLQJIRUDOOLGHQWLILDEOH
IUDJPHQWVZKHWKHUWKH\SUHVHQWGHILQHG]RQHVRUQRW%XQQHWDO0DUHDQHWDO
2QFHWKHSURJUDPLVVHWXSLWDXWRPDWHVWKHFDOFXODWLRQRIWKHQXPEHURISLHFHVWKDWRYHUODSDQG
HDVLO\UHFRUGVODUJHVDPSOHVLQWRDVSDWLDOGDWDEDVHOLQNHGWRRWKHUVXUIDFHIHDWXUHV+RZHYHUWKLV
SURJUDPLVKLJKO\WLPHFRQVXPLQJWRVHWXSSDUWLFXODUO\DVWKHSURJUDPUXQVRQDQROGYHUVLRQRI
$UF9LHZDQGZRXOGUHTXLUHUHLQYHQWLQJWKHWHPSODWHVIRUHYHU\QHZWD[D7KXV$OEHUW)LVFKHUSURYLGHV
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
)LJXUH7HPSODWHRIFDQLGVNXOODQGPDQGLEOHXVHGIRURYHUODSDQDO\VLV&RPSLOHGIURP%ODQFR
HWDO)LJXUHV

DOHVVWLPHLQWHQVLYHPHWKRGXWLOL]LQJ3DLQW6KRS3URWRFRQGXFWVLPLODUYLVXDOTXDQWLILFDWLRQDQDO\VLV
)LVFKHU:KLOHWKLVDSSURDFKLVPRUHPDQXDOO\PDQDJHGDQGWKXVOHVVIHDVLEOHIRUH[WHQVLYH
FROOHFWLRQVDQGXQDEOHWROLQNXSWRH[WHUQDOGDWDEDVHVLQWKHZD\D*,6SURJUDPDOORZVLQWKHSUHVHQW
FDVHZKHUHDQLPDOVDUHIDLUO\FRPSOHWHDQGWKHVDPSOHVDUHIDLUO\PDQDJHDEOHWKLVDOWHUQDWLYHPHWKRG
ZDVGHHPHGVXIILFLHQWIRUWKHSURSRVHGJRDOV7KXV,KDYHGHYLVHGDVLPLODUWHPSODWHWR)LVFKHU¶VLQ
$GREH,OOXVWUDWRUXWLOL]LQJKDQGGUDZLQJVDVWHPSODWHV)LJXUH
)RUHDFKDQLPDONH\HOHPHQWVZHUHGUDZQRQWRWHPSODWHVZLWKPXOWLSOHYLHZV7HPSODWHVRIWKH
HQWLUHVNHOHWRQZDVDOVRGUDZQWRDQDO\]HHOHPHQWGLVWULEXWLRQRIVHPLFRPSOHWHDQLPDOVWRORRNDWZKLFK
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ERG\SDUWVZHUHPLVVLQJHLWKHULQWHQWLRQDOO\GLVFDUGHGGXULQJSUHSDUDWLRQRUEHFDXVHWKH\ZHUHEDGO\
SUHVHUYHGRUQRWUHFRYHUHGLQWKHH[FDYDWLRQV6XFKDQDO\WLFDOPHWKRGVZHUHXVHIXOLQGHILQLQJVHYHUDO
FKDUDFWHULVWLFVLQERG\SDUWUHSUHVHQWDWLRQ)RUH[DPSOHPDQ\RIWKHSUHSDUHGFUDQLDOHOHPHQWVZHUH
RIWHQRQO\UHSUHVHQWHGE\WKHIDFLDOSRUWLRQVQRXWVXJJHVWLQJDSUHIHUHQFHIRUSUHSDUDWLRQVWUDWHJLHVWKDW
GLVFDUGHGWKHQHXURFUDQLXP
&RPSOLFDWLRQVLQFDOFXODWLQJWKH01,DURVHLQFRQWH[WVZKHUHPXOWLSOHLQGLYLGXDOVZHUH
FRPELQHGWRFUHDWHFRPSRVLWHDUWLIDFWVDFFHQWXDWHGE\WKHGHWHULRUDWHGVWDWHRIWKHPDWHULDOVWKDWGLGQRW
SHUPLWFRPSOHWHUHFRQVWUXFWLRQV,QVXFKFDVHVOLNH%XULDOJURXSLQJVRIFUXVKHGERQHVZHUHLGHQWLILHG
DVDXQLWDVVLJQHGDQ(OHPHQWRQXPEHUDQGGXULQJODERUDWRU\DQDO\VLVSLHFHVRIWHHWKZHUHRIWHQWKHRQO\
HOHPHQWVUHFRQVWUXFWLEOH'XULQJWKLVDQDO\VLVLWZDVGHWHUPLQHGWKDWPDQ\RIWKHVHJURXSLQJVLQFOXGHG
WHHWKIURPPXOWLSOHLQGLYLGXDOVDQG01,ZDVGHULYHGIURPRYHUODSDQDO\VLVRIWHHWK%HORZ,H[SODLQ
KRZVXFKVSDWLDORYHUODSDQDO\VLVRIVXUIDFHPRGLILFDWLRQVFRPSOHPHQWWKHSUHVHQWGLVFXVVLRQRIHOHPHQW
GLVWULEXWLRQWRUHFUHDWHWKHSURGXFWLRQVHTXHQFHRIULWXDOSDUDSKHUQDOLDDW7HRWLKXDFDQ
6XUIDFH0RGLILFDWLRQ
&XOWXUDODQGQDWXUDOPRGLILFDWLRQVFDQUHIOHFWWDSKRQRPLFSURFHVVHVEXWFKHU\SDWWHUQV
SURFXUHPHQWVWUDWHJLHVPDQDJHPHQWWHFKQLTXHVKHDOWKIXQFWLRQDQGXVHRIWKHIDXQDDQDO\]HG7KHVHDUH
UHIOHFWHGE\WKHSUHVHQFHDEVHQFHTXDQWLW\DQGORFDWLRQRIFXWPDUNVZHDWKHULQJSDWWHUQVGLVFRORUDWLRQ
JDVWULFHWFKLQJFDUQLYRUHRUURGHQWWRRWKPDUNVIUDJPHQWDWLRQGDWDDQGSDWKRORJLHV6XUIDFH
PRGLILFDWLRQVUHIOHFWGLVWLQFWDVSHFWVLQUHFRQVWUXFWLQJWKHOLIHKLVWRU\RIWKHDQLPDOZKLOHWKH
SUHVHQFHDEVHQFHDEXQGDQFHDQGORFDWLRQRIWKHVHPDUNHUVFDQOHDGWRDGGLWLRQDOLQVLJKWLQWRSRVW
PRUWHPPDQLSXODWLRQDQGWDSKRQRPLFDOSURFHVVHV+HUH,KLJKOLJKWVRPHRIWKHFXOWXUDODQGQDWXUDO
PRGLILFDWLRQVREVHUYHGLQWKLVFROOHFWLRQWRLOOXVWUDWHKRZWKHVHPRGLILFDWLRQVZHUHLGHQWLILHGFRGHGDQG
ZKDWVRUWVRILQWHUSUHWDWLRQVFDQEHGHULYHG
Taphonomic Indicators 
7DSKRQRPLFDOSURFHVVHVUHFUHDWHWKHWUDQVLWLRQRIWKHOLYLQJDQLPDOIURPWKHELRVSKHUHWRWKH
OLWKRVSKHUH*LIIRUG/\PDQ7KLVLQFOXGHVSUHGHSRVLWLRQDOSURFHVVHV²VXFKDV
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GLVDUWLFXODWLRQEXWFKHU\PRGLILFDWLRQSURGXFWLRQRIIDXQDODUWLIDFWVXVHOLIHRIDQDUWLIDFWFRRNLQJ
FRQVXPSWLRQLQFOXGLQJLWVPRYHPHQWWKURXJKWKHGLJHVWLYHWUDFNDQGUHXVHRIWKHERQHHOHPHQWV²
DQGSRVWGHSRVLWLRQDOSURFHVVHV²LQFOXGLQJZHDWKHULQJHURVLRQDEUDVLRQWUDPSOLQJUHEXULDOURRW
HWFKLQJFDUQLYRUHRUURGHQWJQDZLQJDQGGLDJHQHWLFSURFHVVHV/\PDQ7KHVHSURFHVVHVFDQEH
UHFUHDWHGE\FDUHIXOO\UHFRUGLQJWKHGLVWULEXWLRQGHJUHHDQGTXDQWLW\IRUVXUIDFHPRGLILFDWLRQVVXFKDV
ZHDWKHULQJSDWWHUQVERQHSROLVKLQJWKLQQLQJGLVFRORUDWLRQVEXUQLQJDQGWRROPDUNVFXWPDUNV
SHUFXVVLRQPDUNVFKRSPDUNVDQGSHUIRUDWLRQV*LIIRUG5HLW]DQG:LQJ6KLSPDQ
([WUHPHO\YDULHGEXULDOFRQGLWLRQVOHDGWRGLIIHUHQWWDSKRQRPLFDOSURFHVVHV3UHVHUYDWLRQZDV
DIIHFWHGE\GLIIHUHQWFKDUDFWHULVWLFVRIWKHILOOPDWHULDOPRVWLPSRUWDQWO\KRZWKHILOOPLWLJDWHGSUHVVXUH
RQWKHERQHVDQGKRZZDWHUZDVILOWHUHG2QHGLVDVWURXVH[DPSOHLVWKHZD\ODUJHERXOGHUVSODFHGLQ
%XULDOUHVXOWHGLQYHU\IUDJLOHDQGEULWWOHERQHVZLWKDFUDFNHGDQGIODN\ERQHVXUIDFH7UDGLWLRQDOO\
ORQJLWXGLQDOOLQHVZLWKFUDFNLQJUHIOHFWZHDWKHULQJVWDJHVXVHGWRDVVHVVSHULRGVRIERQHVXUIDFHH[SRVXUH
SULRUWREXULDODQGWKHWLPHSHULRGRYHUZKLFKERQHVDFFXPXODWHG%HKUHQVPH\HU'HVSLWHWKHFORVH
UHVHPEODQFHRIWKHVXUIDFHSDWWHUQVWRZHDWKHULQJDOOWKHPDWHULDOVLQFOXGLQJHYHQFRPSOHWHVDFULILFHG
DQLPDOVFRQVLVWHQWO\GLVSOD\HGWKLVIHDWXUHVXJJHVWLQJDQDOWHUQDWHLQWHUSUHWDWLRQ7KHODUJHERXOGHUV
SUREDEO\GHIRUPHGDQGFUXVKHGWKHERQHVZKLOHWKHVSDFHVEHWZHHQWKHVHERXOGHUVUHVXOWHGLQXQHYHQ
ZDWHUOHDFKLQJWKURXJKWKHRIIHULQJWKDWOHGWRWKHW\SHRIVXUIDFHWH[WXUH,QFRPSDULVRQ%XULDOGHVSLWH
LWEHLQJROGHUZDVILOOHGZLWKFRPSRXQGHGGLUWOD\HUVPL[HGZLWKILQHWHSHWDWHIUDJPHQWVFDXVLQJDPRUH
XQLIRUPDQGJUDGXDOPRYHPHQWRIZDWHUDQGHYHQGLVWULEXWLRQRISUHVVXUHRQWKHERQHVWKDWUHVXOWHGLQ
EHWWHUSUHVHUYDWLRQ
 9DU\LQJGHJUHHVRIFRUURVLRQSRURVLW\SROLVKLQJWKLQQLQJDQGSLWWLQJFKDUDFWHULVWLFVRIWKH
GDPDJHFDXVHE\WKHGLJHVWLYHHQ]\PHVZHUHDOVRUHFRUGHG+RFNHWW6FKPLWWDQG-XHOO
/XFNLO\WKHFRQWH[WXDOGDWDFOHDUO\GHPRQVWUDWHGWKDWVRPHRIWKHVPDOOJDPHZHUHIURPWKHULEFDJH
UHDIILUPLQJWKHVHPRGLILFDWLRQVZHUHFDXVHGE\JDVWURLQWHVWLQDOSURFHVVHVDIIHFWLQJWKHERQHV,QLWLDOO\
WKHSROLVKHGVXUIDFHVZHUHLGHQWLILHGDVSRVVLEOHHYLGHQFHIRUERLOLQJSURFHVVLQJRIWKHERQHVEXWLWLV
PRUHOLNHO\WKDWLWZDVWKHUHVXOWRIJDVWULFSURFHVVHVPHQWLRQHGDERYH+RZHYHUVRPHRIWKHHOHPHQWV
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GHPRQVWUDWHGLVFRORUDWLRQWKDWZHLQWHUSUHWDVWKHUHVXOWRIEXUQLQJQRWGLVFRORUDWLRQGXHWRGLJHVWLRQ
7KHVHVDPSOHVZHUHVWLOOZLWKLQWKHVWRPDFKZKHUHGLJHVWLRQZDVVWLOOLQFRPSOHWH7KHSRVVLELOLW\RI
GLVFRORUDWLRQFDXVHGE\SRVWGHSRVLWLRQDOSURFHVVHVVXFKDVSDUWLDOERQHH[SRVXUHLQWKHSHOOHW6FKPLWW
DQG-XHOOZHUHWKXVQRWDQLVVXHLQWKHSUHVHQWFRQFHDOHGFRQWH[W
Tool marks (cut marks, perforations, chop marks, and polishing) 
4XDQWLW\DQGGLVWULEXWLRQRIWRROPDUNVLQGLFDWHFDSWXUHNLOOVWUDWHJLHVEXWFKHU\SUDFWLFHVSHOW
H[WUDFWLRQPHWKRGVDQGDUWLIDFWSURGXFWLRQSURFHGXUHV'HILQLQJGLIIHUHQFHVLQEXWFKHU\DQGPRGLILFDWLRQ
SDWWHUQVFXWPDUNSHUIRUDWLRQSHUFXVVLRQFDUQLYRUHWRRWKPDUNURGHQWJQDZLQJHWFZHUHEDVHGRQ
H[SHULPHQWDODVVHPEODJHVGHVFULEHGLQWKHOLWHUDWXUH%OXPHQVFKLQHHWDO)LVKHU6KLSPDQ
$QDO\]LQJWKHGLVWULEXWLRQDQGIUHTXHQF\RIFXWPDUNVKDYHEHHQDUJXHGWRUHIOH[GLIIHUHQWDVSHFWV
RIWKHEXWFKHU\SURFHVV/\PDQ7KLVLQFOXGHVWKHIXQFWLRQRIWKHFDUFDVVVXEVLVWHQFHZKHQWKH
PHDWZDVDFFHVVHGSULPDU\VHFRQGDU\UHIOHFWVNLQQLQJVWUDWHJLHVXWLOL]HGDVLGHQWLW\PDUNHUVDQG
HYLGHQFHIRUVSHFLDOL]DWLRQ%LQIRUG%XQQDQG.UROO5HLW]DQG:LQJ6KLSPDQ
<HOOHQ)RUVXFKLQWHUSUHWDWLRQVLWLVLPSRUWDQWWRUHFRUGGHJUHHRIUHGXQGDQF\DQGSXUSRVLYHQHVV
LQKHULWLQWKHGLVWULEXWLRQRIWKHVHPDUNV/\PDQ,QWKHSUHVHQWFDVHZHNQRZWKHDQLPDOVZHUH
PDQLSXODWHGWRFUHDWHULWXDOSDUDSKHUQDOLD7KHUHIRUHWKHDQDO\VLVRIWRROPDUNVLVFRQGXFWHGWR
UHFRQVWUXFWWKHULWXDOL]HGSURGXFWLRQSURFHVVRIWKHVHKLJKO\VSHFLDOL]HGDUWLIDFWV,QVXFKDQDQDO\VLVLW
EHFRPHVPRUHLPSRUWDQWWREHDEOHWRDQDO\]HWKHGHJUHHRIVWDQGDUGL]DWLRQEHWZHHQVSHFLHVORRNIRU
GLDFKURQLFFKDQJHVLQSURGXFWLRQSURFHGXUHVLGHQWLI\GLVFHUQLEOHVW\OHVRISURGXFWLRQDQGORRNIRU
LQGLFDWLRQVZKHUHDQGZKRSURGXFHGWKHVHUHOLFV
7UDGLWLRQDOO\WKHUHKDYHEHHQWZRIUDPHZRUNVIRUUHFRUGLQJDQGTXDQWLI\LQJFXWPDUNVWKDWLV
FRQGXFWHGWKURXJKHLWKHUFRXQWLQJDQGGHVFULELQJWKHPDUNVRQWRDGDWDEDVHRUGUDZLQJWKHPDUNVRQWRD
GLDJUDPWHPSODWH$EHDQGFROOHDJXHVFULWLTXHWKHGLVSDULW\EHWZHHQWKHWZRW\SHVRIDQDO\VLVDQG
SURSRVHDPRUHVSDWLDODQGTXDQWLILDEOHDSSURDFKE\UHFRUGLQJWKHGLVWULEXWLRQRIWKHVHPRGLILFDWLRQV
FRXSOHGZLWKWKHHOHPHQWGLVWULEXWLRQXWLOL]LQJD*,6EDVHGVSDWLDOO\RULHQWHGTXDQWLILFDWLRQSURJUDP
GHVFULEHGDERYH0DUHDQHWDO6XFKDQDSSURDFKLVXVHIXOLQFDVHVZKHUHWKHGHJUHHRI
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IUDJPHQWDWLRQDQGGLIIHUHQWLDOSUHVHUYDWLRQFDQVWURQJO\LQIOXHQFHFDOFXODWLRQVRIWKHSURSRUWLRQRIWKH
DVVHPEODJHZLWKWRROPDUNV$EHHWDO$VGHVFULEHGDERYHWKHSUHVHQWVWXG\FUHDWHGWHPSODWHVLQ
$GREH,OOXVWUDWRUWRRYHUOD\VSDWLDODQGTXDQWLILDEOHGDWDWKDWLVOHVVWLPHFRQVXPLQJDQGVWLOOSURYLGHVWKH
DGYDQWDJHRITXDQWLI\LQJWKHUHVXOWVLQDVSDWLDOO\RULHQWHGSDUDGLJP
 6XFKDQDSSURDFKFRPELQLQJHOHPHQWGLVWULEXWLRQZLWKFXWPDUNDQDO\VLVKDVEHHQVXFFHVVIXOLQ
LGHQWLI\LQJVSHFLILFW\SHVRISUHSDUDWLRQSURFHGXUHVVXFKDVWD[LGHUP\DPRQJHDJOHV,WKDVDOVRKHOSHG
UHFRQVWUXFWWKHSURGXFWLRQVHTXHQFHRIWKHFDQLGIHOLGFUDQLDOHOHPHQWV7KHVHUHVXOWVKDYHOHGWRDQHYHQ
PRUHGHWDLOHGH[DPLQDWLRQZLWKWKH6FDQQLQJ(OHFWURQ0LFURVFRSH6(0WRUHFRQVWUXFWZKDWLPSOHPHQWV
ZHUHXVHGWRFUHDWHERQHSURGXFWV:KLOHWKHUHVXOWVZLOOQRWEHGLVFXVVHGLQWKLVGLVVHUWDWLRQDVWKH
DQDO\VLVLVVWLOOLQSURJUHVVDOUHDG\WKLVPHWKRGKDVSURYHQWREHHIIHFWLYH&HUWDLQO\H[WHQVLYH
H[SHULPHQWDOVWXGLHVRIVKHOOPDQXIDFWXUHXWLOL]LQJGLYHUVHLPSOHPHQWVZHUHIUXLWIXOLQUHFUHDWLQJZKDW
VSHFLILFWRROVZHUHXWLOL]HGLQLWVSURGXFWLRQ9HOi]TXH]&DVWUR1HHGOHVVWRVD\SDUWRI
UHFRQVWUXFWLQJWKHULWXDOL]HGSURGXFWLRQSURFHVVRIWKHKLJKO\V\PEROLFIDXQDODUWLIDFWVGLVWULEXWHGLQWKHVH
EXULDOVUHTXLUHVDYHU\YLJRURXVPHWKRGRORJ\WKDWDFFXUDWHO\UHFRUGVWKHVSDWLDOGLVWULEXWLRQDQG
TXDQWLILFDWLRQRIWKHVHVXUIDFHPRGLILFDWLRQVLQWKHPDQQHUGHVFULEHGDERYH
Pathologies 
1DWXUDOROGDJHGLVHDVHDQGFXOWXUDOPDQDJHPHQWVWUDWHJLHVSURFHVVHVWKDWKDYHDIIHFWHGWKH
DQLPDODUHUHIOHFWHGRQWKHERQHV%DNHUDQG%URWKZHOO6XFKRVWHRORJLFDOLQGLFDWRUVFDQKHOS
UHFRQVWUXFWWKHKHDOWKGLHWHQYLURQPHQWDOFRQGLWLRQVFDSWXUHKXQWLQJVWUDWHJLHVDQGHYHQKXPDQDQLPDO
LQWHUDFWLRQVWKDWWRRNSODFH3DWKRORJLHVVXFKDVWKHRYHUFURZGLQJRUDEQRUPDOZHDURQWHHWKUHVRUSWLRQ
OHVLRQVSLWWLQJHYLGHQFHIRUHQDPHOK\SHUSODVLDDQGKLJKLQMXU\UDWHVPD\LQGLFDWHVWUHVVHVFDXVHGE\
EHLQJLQDQDUWLILFLDOHQYLURQPHQWDQGRIWHQKDYHLPSOLFDWLRQVIRUFKDQJHVLQDQLPDOPDQDJHPHQW
SUDFWLFHV%DNHUDQG%URWKZHOO'DYLHVHWDO5RJHUVDQG:DOGURQ6HUMHDQWVRQ
,QWKH33/DQG336FROOHFWLRQVHYHUDOLQMXULHVRUDEQRUPDOGHQWDODQGFUDQLDOFKDUDFWHULVWLFVZHUH
UHFRUGHGLQWRWKHGDWDEDVHDQGGUDZQRQWRWHPSODWHVWKDWLOOXVWUDWHWKHLUH[DFWORFDWLRQ&KDSWHU6XFKD
UHFRUGLQJVWUDWHJ\ZKLFKFRQWDLQVQRWMXVWWKHGLVWULEXWLRQRISDWKRORJLHVEXWDOVRRWKHUVXUIDFH
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PRGLILFDWLRQVDQGWKHHOHPHQWGLVWULEXWLRQIRUHDFKLQGLYLGXDOKHOSVFKDUDFWHUL]HWKHOLIHKLVWRU\RIWKH
DQLPDOVLQPRUHGHWDLO
3UHYLRXV]RRDUFKDHRORJLFDOUHVHDUFKDW7HRWLKXDFDQ
0RVW RI WKH ]RRDUFKDHRORJLFDO UHVHDUFK FRQGXFWHG LQ7HRWLKXDFDQ KDYH IRFXVHG RQ VXEVLVWHQFH
VWUDWHJLHVLQUHVLGHQWLDOFRPSOH[HV:KLOHWKLVLVQRWWKHIRFXVRIWKHSUHVHQWVWXG\WKHRYHUDOOV\QWKHVLV
RI WKH UHSRUWVGHPRQVWUDWHV WKDW WKH VSHFLHV UHFRYHUHG IURPH[FDYDWLRQVDW WKH0RRQ3\UDPLGDQG6XQ
3\UDPLG DUH GLVWLQFW IURP UHVLGHQWLDO FRQWH[WV $EXQGDQW VPDOO WR PHGLXP VL]HG JDPH VXFK DV
UDEELWVKDUHV  GRJV  GHHU  PL[HG ZLWK DEXQGDQW DYLDQ VSHFLHV VXFK DV WKH
GRPHVWLFDWHGWXUNH\DQGZDWHUIRZOWKDWZHUHORFDOO\DYDLODEOHZHUHIRXQGLQWKHVHGRPHVWLF
DVVHPEODJHV )LJXUH$SSHQGL[$5RGUtJXH]*DOLFLD6WDUEXFN6XJL\DPD HW DO 
9DODGH]$]~D5HFHQWVWXGLHVKDYHIXUWKHU LGHQWLILHG WKHXVHRI LPSRUWHGIDXQDOUHVRXUFHV
VXFKDVPDULQHILVK5RGUtJXH]*DOLFLD5RGUtJXH]*DOLFLDDQG9DODGH]$]~D
7KHYHU\KLJKSHUFHQWDJHVRIUDEELWVDQGKDUHVDUHRISDUWLFXODULQWHUHVWDVWKHUHLVSRVVLEOH
HYLGHQFHWKDWWKH7HRWLKXDFDQRVZHUHUDLVLQJUDEELWVDWWKH2]WR\RKXDOFRDSDUWPHQWFRPSRXQG9DODGH]
$]~D7KHRYHUDOOFRQVXPSWLRQSDWWHUQVDW7HRWLKXDFDQVXSSRUWWKHK\SRWKHVLVWKDWKRXVHKROGOHYHO
SURGXFWLRQRIUDEELWVKDUHVVXSSOHPHQWHGGRPHVWLFDWHGDQLPDOVDQGZLOGJDPH6RPHUYLOOHHWDO
6XJL\DPDHWDO:DWHUIRZOZHUHNHSWLQGRPHVWLFVSDFHVGXULQJWKHFRORQLDOSHULRG3RKODQG
)HOGPDQ9DODGH]$]~DDQGLWLVOLNHO\WKDWWKLVZDVDOVRSUDFWLFHGDW7HRWLKXDFDQ$WWKH
VDPHWLPHWKH7HRWLKXDFDQRVZHUHVWLOOVXEVLGLQJRQDYDULHGGLHWWKDWLQFOXGHGDGLYHUVLW\RIORFDODQG
IRUHLJQZLOGIDXQDUHSUHVHQWHGDWWKHVLWH,QWKHDSDUWPHQWFRPSRXQGRI7HRSDQFD]FRDORQHZKRVH
GHEULVZDVILQHVFUHHQHGWKHUHZHUHDURXQGJHQXVVSHFLHVLGHQWLILHGWKDWLQFOXGHGDWUXO\GLYHUVHDUUD\
RIIDXQDQRWUHFRUGHGSUHYLRXVO\DWWKLVVLWH5RGUtJXH]*DOLFLD5RGUtJXH]*DOLFLDDQG
9DODGH]$]~D3DUWLFXODUO\LPSUHVVLYHZDVWKHDYLDQDQGLFWLRIDXQDGLYHUVLW\ZKLFKLQFOXGHG
JHQXVVSHFLHVRIELUGVDQGILVKJHQXVVSHFLHV$SSHQGL[$
8SWRJHQXVVSHFLHVRIQRQORFDOYHUWHEUDWHIDXQDZHUHLGHQWLILHGDW7HRWLKXDFDQ7KHIRUHLJQ
PDPPDOVLQFOXGHGWKHMDJXDUPLQLPXPQXPEHURILQGLYLGXDOV01, MDJXDURQGL01, O\Q[
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Leporidae
24%
Rodentia
7%
Carnivoratotal
21%
Artiodactlyeandother
Med/lgmammals
21%
Avestotal
19%
Fish
4%
Amphibian/Reptile
4%
ClassicTeotihuacan
Deer11%
Dog 11%
Turkey 6%
Waterfowl4%

)LJXUH3HUFHQW01,RIIDXQDOUHVRXUFHVIURPSXEOLVKHGUHSRUWVIURP&ODVVLF7HRWLKXDFDQVLWHV

01, EHDU01, DQGVSLGHUPRQNH\01, $YLDQIRUHLJQIDXQDFRQVLVWHGRIGDUWHUV01, 
ZKLWHLELV01, DQGULQJELOOHGJXOO01, 1RQORFDOUHSWLOLDQVSHFLHVOLNHWKHZRRGWXUWOH
01, DQGWKHFURFRGLOH01, ZHUHDOVRSUHVHQW$WWKH7HRSDQFD]FRDSDUWPHQWFRPSRXQGDVHULHV
RIPDULQHIDXQDZHUHLGHQWLILHGLQFOXGLQJWKHSHQFLOXUFKLQ01, WZRW\SHVRIFUDEV01, DQG
W\SHVRIPDULQHILVK01, 5RGUtJXH]*DOLFLDDQG9DODGH]$]~D
 2QO\ YHU\PLQLPDO LQIRUPDWLRQ LV DYDLODEOH DERXW IDXQD UHFRYHUHG IURP WKH FHUHPRQLDO FHQWHU
EHFDXVHVXFKGLVFRYHULHVZHUHUDUHDQGQRWDOZD\VZHOOUHFRUGHG2QHH[FHSWLRQZDVDVKRUWUHSRUWVHQWWR
WKH SURMHFW GLUHFWRUV RI 3UR\HFWR 7HPSOR GH4XHW]DOFRDWO 374 E\$OYDUH] DQG2FDxD  RI WKH
LQLWLDOEXONVRUW WKDWSURYLGHGVRPHIDXQDFRXQWVRI WKHPDWHULDOV UHFRYHUHGIURPWKH)HDWKHUHG6HUSHQW
3\UDPLG )63:KLOH WKH FRQWH[WXDO LQIRUPDWLRQ RIPDQ\ RI WKHVH LGHQWLILHG HOHPHQWV WRWDO ZHUH
XQFOHDULWVKRZHGWKDW)63IDXQDLQFOXGHGVRPHRIWKHVDPHVSHFLHVIRXQGLQWKH0RRQ3\UDPLGDQG6XQ
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3\UDPLG EXW LQ VPDOOHU TXDQWLWLHV $SSHQGL[ $ 1HHGOHVV WR VD\ WKH DEVHQFH RI ]RRDUFKDHRORJLFDO
FRUUHODWHVRXWVLGHRI WKH LQWHULRURI WKHPRQXPHQWVRI WKHVHKLJKO\ V\PEROLF DQLPDOVJR LQ DFFRUGDQFH
ZLWKWKHUHVWULFWLYHDFFHVVWKH7HRWLKXDFDQVWDWHKDGRIWKHVHDQLPDOV
)HOLGV)HOLGDH
%HIRUHGLYLQJLQWRWKHULFK]RRDUFKDHRORJLFDOGDWDVHWGLVFXVVHGLQWKHVXEVHTXHQWFKDSWHUHDFKRI
WKHPDLQDFWRUVQHHGWREHLQWURGXFHG&KDUDFWHUL]LQJHDFKVSHFLHVKHOSVLQWHUSUHWZK\WKHVHDFWRUVZHUH
FKRVHQWRSDUWLFLSDWHLQWKHULWXDOVSHFWDFOHDQGKRZWKHVHDQLPDOVZHUHFRQFHSWXDOL]HG7KLVEDFNJURXQG
LVQHFHVVDU\WRXQGHUVWDQGZK\DQGKRZWKH7HRWLKXDFDQRVSK\VLFDOO\DQGV\PEROLFDOO\LQWHUDFWHGZLWK
WKHVHDQLPDOV)RUHDFKRIWKHDFWRUV,GLVFXVVZKLFKVSHFLHVZHUHXWLOL]HGWKHHFRORJ\ELRORJ\EHKDYLRU
RIWKHDQLPDOKRZDJHVH[DQGVSHFLHVZHUHDVVLJQHGDQGWKHSUHVHQFHRUDEVHQFHRIWKHVHVSHFLHVLQ
RWKHUFRQWH[WV
Ecology, biology and behavior 
6HYHUDOVSHFLHVRIIHOLGVDUHIRXQGLQ0H[LFR±WKHMDJXDUPanthera oncaWKHSXPDPuma
concolorWKHMDJXDURQGLFelis yogouaroundiWKHPDUJD\Felis wiediiWKHEREFDWLynx rufusDQG
WKHRFHORWFelis pardalis2QO\WKHMDJXDUDQGSXPDKDYHEHHQLGHQWLILHGLQWKHSUHVHQWFRQWH[WDQGDUH
WKHRQO\VSHFLHVGLVFXVVHGWKURXJKRXWWKHGLVVHUWDWLRQ+RZHYHUPDQ\RIWKHQDWLYHFODVVLILFDWRU\
V\VWHPVGLVWLQJXLVKHGEHWZHHQRWKHUIHOLGVDQGWKHWZRODUJHVWFDWVWKHSXPDDQGWKHMDJXDUWKDWKDYH
DOZD\VPDLQWDLQHGDYHU\VSHFLDOUROHDVRQHRIWKHPRVWSURPLQHQWFDUQLYRUHVWKURXJKRXWWKH1HZ:RUOG
$VPHQWLRQHGLQ&KDSWHUPDQ\RIWKHVHFODVVLILFDWRU\V\VWHPVZHUHEDVHGRQWKHSK\VLFDO
FKDUDFWHULVWLFVRIWKHDQLPDOLQTXHVWLRQRIWHQV\PEROL]LQJDVSHFWVRIWKHLUSKHQRW\SLFIHDWXUHV
EHKDYLRUDOWUDLWVDQGWKHHQYLURQPHQWDODVVRFLDWLRQV7KHVHDWWULEXWHVIXUWKHUGHILQHKRZKXPDQVZRXOG
KDYHLQWHUDFWHGZLWKWKHDQLPDOSUH\SUHGDWRUGLVWLQFWLRQVWKHLUYLVLELOLW\DQGKRZWKH\ZHUHLQWHJUDWHG
LQWRQDWLYHHWKQR]RRORJLFDOFODVVLILFDWLRQ7KXV,EHJLQE\GHVFULELQJWKHHFRORJ\ELRORJ\DQGEHKDYLRU
RIHDFKRIWKHPDLQDFWRUVRIWKLVULWXDOVSHFWDFOH
7KHMDJXDULQKDELWDUDQJHRIKDELWDWVLQFOXGLQJMXQJOHVUDLQIRUHVWVZHWJUDVVODQGVGU\VFUXE
ODQGVZRRGODQGVVZDPS\VDYDQQDPDUVKODQGVPDUVKODQGVDQGHYHQGHVHUWDUHDVDQGDUHFORVHO\
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
)LJXUH3RWHQWLDOGLVWULEXWLRQRIMDJXDUPanthera onca&HEDOORV*yQ]DOHVHWDO
&21$%,2

DVVRFLDWHGZLWKERGLHVRIZDWHUQHDUULYHUVVWUHDPVDQGODNHV5RVDDQG1RFNH6H\PRXU
7KH\DUHPDLQO\IRXQGLQWKHWURSLFDOORZODQGUHJLRQDQGDUHQRWORFDOWRWKH&HQWUDO0H[LFDQ
KLJKODQGV+RZHYHUWKHLUUDQJHVH[WHQGDORQJWKH6LHUUD0DGUH2FFLGHQWDODQGVRPHMDJXDUVXEVSHFLHV
Felis onca arizonensisKDYHEHHQLGHQWLILHGH[WHQGLQJLQWR1RUWKHUQ0H[LFR&KLKXDKXDDQG6RQRUD
DQGVRPHKDYHHYHQEHHQUHSRUWHGLQVRXWKZHVWHUQ8QLWHG6WDWHV1RJDOHV$UL]RQD+DOO
)LJXUH:KLOHWKLVGHPRQVWUDWHVWKDWDQ\OLYHMDJXDURUHYHQWKHLUSUHSDUHGFUDQLDOHOHPHQWV
LGHQWLILHGLQWKHEXULDOFKDPEHUVZHUHLPSRUWHGLQWRWKHFLW\RI7HRWLKXDFDQWKH\ZHUHQRWQHFHVVDULO\
EURXJKWLQIURPWKHWURSLFDOORZODQGV,QFRQWUDVWWKHSXPDRFFXS\WKHODUJHVWUDQJHRIKDELWDWVWKDQDQ\
RWKHUIHOLQHVSHFLHVLQWKH$PHULFDVH[WHQGLQJZLGHO\IURP1RUWK$PHULFDWR6RXWK$PHULFD&XUULHU
5RVDDQG1RFNHDQGZRXOGKDYHFHUWDLQO\EHHQDYDLODEOHLQWKH7HRWLKXDFDQ9DOOH\
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$VWKHVHWZRSUHGDWRUVRYHUODSLQKRPHUDQJHVWKH\DUHLQGLUHFWFRPSHWLWLRQDQGLWLVQHFHVVDU\
WRXQGHUVWDQGWKHV\PSDWULFUHODWLRQVKLSVEHWZHHQWKHVHWZRVSHFLHV0RQUR\9LOFKLVHWDO1~xH]
HWDO$VK\SHUVSHFLDOL]HGFDUQLYRUHVSUH\DYDLODELOLW\ZRXOGKDYHDIIHFWHGERWKMDJXDUDQGSXPD
SRSXODWLRQVLQDQ\JLYHQUHJLRQ-DJXDUVHQMR\GLYHUVHIRRGVXVXDOO\GLXUQDOWHUUHVWULDOPDPPDOVRYHU
NJERG\PDVVDUHWKHLUFKLHISUH\HJSHFFDULHVFDS\EDUDVSDFDVDJRXWLVDUPDGLOORVFDLPDQVDQG
WXUWOHV6H\PRXU7KHSXPDRQWKHRWKHUKDQGDUHRSSRUWXQLVWLFKXQWHUVWKDWSUHIHUGHHUWKDW
FRQWULEXWHXSWRSHUFHQWRIWKHLUGLHWZKLFKLVQRWDPDLQIRRGVRXUFHIRUMDJXDUV&XUULHU
/HRSROG
 -DJXDUVDUHWKHODUJHVWDQGVWURQJHVWIHOLQHPIRUIHPDOHVPIRUPDOHVLQ
WKH$PHULFDVZKLFKDOORZVWKHPWRNLOODQGPRYHSUH\KHDYLHUDQGODUJHUWKDQLWVHOI5RVDDQG1RFNH
6H\PRXU-DJXDUVKDYHDXQLTXHFRDWPDUNHGZLWKEODFNURVHWWHVRYHUDQRUDQJH\HOORZRU
WDQEDFNJURXQGVRPHDUHFRPSOHWHO\EODFNWKDWSKHQRW\SLFDOO\GLVWLQJXLVKHVWKHMDJXDUTXLWHGUDVWLFDOO\
IURPWKHSXPD5RVDDQG1RFNH7KH\DUHPDLQO\QRFWXUQDOPRVWFRPPRQO\DVVRFLDWHGZLWK
WKHQLJKWVN\DQGFRQGXFWWKHPDMRULW\RIWKHLUKXQWLQJDWQLJKW/HRSROG0DOHDQG
IHPDOHMDJXDUVURDUGD\DQGQLJKWWKDWFDQEHKHDUGIRUVHYHUDOKXQGUHGPHWHUV(PPRQVDQG)HHU
5HLGPDNLQJWKHPYLVLEOHWRKXPDQV3XPDVWKHVHFRQGODUJHVWPDPPDOLDQFDUQLYRUHLQ
0HVRDPHULFDDUHGLVWLQFWIURPWKHMDJXDUGXHWRLWVFLQQDPRQRUUHGGLVKEURZQFRDWZLWKZKLWHXQGHU
SDUWV5RVDDQG1RFNH$OWKRXJKWKH\DUHDOVRDFWLYHGD\DQGQLJKWWKH\DUHVK\DQGVHOGRP
VHHQRUKHDUG/HRSROG5HLW]DQG:LQJ
-DJXDUFXEELUWKSDWWHUQVYDU\E\ORFDWLRQDQGFLUFXPVWDQFHLQFDSWLYLW\UHFRUGHG\HDUURXQG
EXWLQ0H[LFRDUHXVXDOO\UHSRUWHGIURP-XO\WR6HSWHPEHUZLWKOLWWHUVUDQJLQJEHWZHHQRQHDQGIRXUFXEV
6H\PRXU7KH\UHDFKVH[XDOPDWXULW\E\WZRWRWKUHH\HDUVDPRQJIHPDOHVDQGEHWZHHQWKUHHWR
IRXU\HDUVIRUPDOHV5DELQRZLW]DQG1RWWLQJKDP6H\PRXU7KH\PD\FRQWLQXHWRVXFNOHIRU
ILYHWRVL[PRQWKVVWD\LQJZLWKWKHPRWKHUIRUDERXWRQHDQGDKDOIWRWZR\HDUVEHIRUHEHFRPLQJVROLWDU\
GHOD5RVD,QWKHZLOGWKH\XVXDOO\OLYHIURPVHYHQWRWZHOYH\HDUVEXWKDYHEHHQGRFXPHQWHG
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WROLYHXSWR\HDUV6H\PRXU,Q\RXWKMDJXDUSHODJHLVKHDYLO\PDUNHGZLWKEODFNVSKHULFDO
VSRWVWKDWPD\FRQWDLQSDOHFRORUHGFHQWHUV
0RVWSXPDELUWKVWDNHSODFHEHWZHHQ$SULODQG6HSWHPEHUDOWKRXJKWKH\FDQRFFXU\HDUURXQG
ZLWKOLWWHUVL]HVUDQJLQJIURPRQHWRVL[FXEVDYHUDJHRIWZRVSDFHGHYHU\WZRWRWKUHH\HDUV&XUULHU
<RXQJDQG*ROGPDQ$WELUWKSXPDFXEVZHLJKDURXQGHLJKWWRWZHOYHRXQFHVPHDVXULQJ
IURPHLJKWWRWZHOYHLQFKHVORQJDQGWKHLUH\HVDQGHDUVUHPDLQFORVHGIRURQHWRWZRZHHNV<RXQJDQG
*ROGPDQ3XPDFXEVZHDQIRUIRXUWRILYHZHHNVRUORQJHU<RXQJDQG*ROGPDQ&XE
FRDWVGLIIHUIURPDGXOWVDVWKH\DUHVSRWWHGZKLFKJUDGXDOO\IDGHVWDUWLQJDWWRZHHNVDQGDUHRQO\
GLVFHUQLEOHE\WKHWLPHWKH\UHDFKRQH\HDURIDJH7KH\RXQJXVXDOO\WUDYHOZLWKLWVPRWKHUIRURQHDQGD
KDOIWRWZR\HDUV%HWZHHQWZRWRWKUHH\HDUVRIDJHWKHSXPDUHDFKVH[XDOPDWXULW\DQGIXOOERG\VL]HLV
DWWDLQHGEHWZHHQWZRWRIRXU\HDUV&XUULHU,QWKHZLOGSXPDDUHFRQVLGHUHGROGLIWKH\UHDFK
\HDUVRIDJHEXWLQFDSWLYLW\WKH\DUHNQRZQWROLYHRYHU\HDUV&XUULHU
%RWKSXPDVDQGMDJXDUVDUHVROLWDU\DQLPDOVRQO\FRPLQJWRJHWKHUIRUFRSXODWLRQ7KHIHPDOH
WDNHFDUHRIKHUNLWWHQVIRUDERXWWZR\HDUV7KH\DUHKLJKO\WHUULWRULDOZLWKPDOHUDQJHVVHOGRP
RYHUODSSLQJZKLOHIHPDOHVXVXDOO\FRKDELWPDOHUDQJHVLQPRUHFRQFHQWUDWHGGLVWULEXWLRQV+RPHUDQJHV
YDU\VLJQLILFDQWO\EHWZHHQMDJXDUVDQGSXPDEXWDOVRZLWKLQDVSHFLHVEDVHGRQVHDVRQDOLW\HQYLURQPHQW
SUH\DYDLODELOLW\DQGLQWULQVLFIDFWRUVRIWKHDQLPDOVWKHPVHOYHVDJHVH[ERG\VL]HHWF*ULJLRQHHWDO
6HLGHQVWLFNHUHWDO2YHUDOOWKH\UDQJHEHWZHHQORZHUHVWLPDWHVRIMDJXDUVUDQJLQJIURP
NPIRUIHPDOHVDQGNPIRUPDOHV5DELQRZLW]DQG1RWWLQJKDPWRXSSHUHVWLPDWHVRI
SXPDVFDOFXODWHGWRH[WHQGEHWZHHQNPPDOHWRNP*ULJLRQHHWDO7KLVZRXOGKDYH
PDGHIHOLGDFTXLVLWLRQGLIILFXOWWDVNDVWKHTXDQWLW\RIIHOLGVLQWKHEXULDOVZHUHPRVWOLNHO\SUHGHWHUPLQHG
QXPEHUEDVHGRQLWVV\PEROLVP7KLVZRXOGKDYHUHTXLUHGPDLQWDLQLQJFXEVIURPGLVSDUDWHKRPHUDQJHV
WRVHFXUHWKHQHFHVVDU\QXPEHURILQGLYLGXDOVIRUXVHLQWKHULWXDOVSHFWDFOH
Species, age and sex determinations 
 'LVWLQJXLVKLQJEHWZHHQGLIIHUHQWVSHFLHVRIIHOLGVLVTXLWHFKDOOHQJLQJHVSHFLDOO\ZKHQGHDOLQJ
ZLWK\RXQJ0DQ\FLWHWKHERG\VL]HGLIIHUHQFHVDVDXVHIXOSDUDPHWHUEXWERG\VL]HRYHUODSTXLWH
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VLJQLILFDQWO\SDUWLFXODUO\DPRQJLPPDWXUHLQGLYLGXDOV-DJXDUVXVXDOO\PHDVXUHPIURPKHDGWR
ERG\ZHLJKLQJNJZKLOHSXPDVUDQJHEHWZHHQPZHLJKLQJNJ/HRSROG
:KLOH,VLGUR/XQDKDVSDLQVWDNLQJO\H[DPLQHGFUDQLDOPHWULFGLIIHUHQFHVFRQILUPLQJWKDWMDJXDUV
DUHVWDWLVWLFDOO\ODUJHUWKDQSXPDVVKHDOVRUHFRUGHGWKHODUJHGHJUHHRIYDULDWLRQDPRQJWKHVXEVSHFLHVRI
MDJXDUV%HFDXVHRIWKHODUJHQXPEHURILQIDQWDQGMXYHQLOHVSHFLPHQVLQWKHSUHVHQWFROOHFWLRQERG\VL]H
DORQHZDVQRWDVROLGLQGLFDWRURIWKHVSHFLHV7KXVDPL[WXUHRIPRUSKRPHWULFFKDUDFWHULVWLFVSDUWLFXODUO\
H[DPLQLQJFUDQLDOGHQWDODQGKDQGDQGIRRWERQHVZRXOGEHPRVWLGHDOIRUVSHFLHVOHYHOGHVLJQDWLRQV
,VLGUR/XQD0RQWVHUUDW0RUDOHV0HMtDHWDO:KLOH+LOOVRQPHQWLRQVGHQWDO
IHDWXUHVEHWZHHQPantheraDQGFelisDUHSUDFWLFDOO\LQGLVWLQJXLVKDEOHLQRYHUDOOIRUPDVWKH\DUHEHVW
SUHVHUYHGLQWKHDUFKDHRORJLFDOUHFRUGVRPHWLPHVWKHRQO\HOHPHQWVWKDWFDQEHUHSLHFHGWKH\ZHUH
FDUHIXOO\H[DPLQHGIRULQWHUVSHFLHVGLIIHUHQFHV)RUH[DPSOHMDJXDUFDQLQHVKDYHEHHQUHSRUWHGWREH
RYHUDOOZLGHUDQGVRPHORZHUPRODUVPD\FRQWDLQDQH[WUDPHWDFRQLGFXVS+LOOVRQ
0RQWVHUUDW0RUDOHV0HMtDDQGFROOHDJXHVKDYHIXUWKHUH[DPLQHGGLVWLQFWPHWDSRGLDODQG
SKDODQJHDOHOHPHQWVWRGHWHUPLQHWKDWRYHUDOOMDJXDUHOHPHQWVWHQGWRKDYHDFFHQWXDWHGPXVFOHLQVHUWLRQV
 ,QDGGLWLRQWRWKHVHSXEOLVKHGFULWHULDIRUVSHFLHVGLVWLQFWLRQV,ZDVDEOHWRH[DPLQHWKHIHOLG
FROOHFWLRQKRXVHGLQWKH%LRORJLFDO,QVWLWXWHDWWKH81$0WRORRNVSHFLILFDOO\DWJHRJUDSKLFYDULDELOLW\
8QIRUWXQDWHO\\RXQJSXPDDQGMDJXDUFROOHFWLRQVZHUHQRQH[LVWHQWDQGVSHFLHVGLIIHUHQFHVDPRQJ
\RXQJLQGLYLGXDOVKDVQRWEHYHULILHG7KXVIXWXUHZRUNRQGHWHUPLQLQJVSHFLHVGLIIHUHQFHVDPRQJ\RXQJ
DUHQHFHVVDU\0DQ\RIWKHLQGLYLGXDOVLQGHHGZHUHOHIWDVXQLGHQWLILHGIHOLGGXHWRWKHVHFRQVWUDLQWV
 6HYHUDOIHDWXUHVZHUHH[DPLQHGWRGHWHUPLQHWKHDJHDQGVH[RIWKHIHOLG'HQWDOVHTXHQFHVDUH
WKHPRVWDFFXUDWHZD\WRGHWHUPLQHWKHDJHRI\RXQJLQGLYLGXDOVDVWRRWKHUXSWLRQVHTXHQFHVDUHIDLUO\
FRQVLVWHQW3XPDGHFLGXRXVWHHWKVWDUWLQJZLWKWKHLQFLVRUVEHJLQWRDSSHDUIURPGD\VREWDLQLQJ
DFRPSOHWHVHWE\GD\VDIWHULWVELUWK7DEOHLOOXVWUDWHVWKHWRRWKHUXSWLRQSDWWHUQVIRUSXPD1R
VSHFLPHQVOHVVWKDQPRQWKVKDYHFDQLQHVZLWKFORVHGDSLFDOIRUDPHQ.YDPDQGKHQFHFDQEH
GLVWLQJXLVKHGIURPIHOLGVZLWKIXOOGHQWLWLRQDQGRYHURQH\HDUROG7HHWKUHDFKIXOOVL]HE\FDWZR\HDUV
RIDJHDQGVKRZVOLWWOHYDULDQFHLQPHDVXUHPHQWVDIWHUWKLVDJH*D\DQG%HVW7KHUHIRUH
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7DEOH7RRWKHUXSWLRQVHTXHQFHIRUPuma concolorGDWDIURP&XUULHU
$JH 7RRWKHUXSWLRQ
GD\V 3ULPDU\LQFLVRUWHHWKILUVWDSSHDU
GD\V &DQLQHVILUVWDSSHDU
GD\V 3UHPRODUVDSSHDU
òPRQWKV 3HUPDQHQWLQFLVRUVVWDUWUHSODFLQJSULPDU\WHHWK
PRQWKV
3HUPDQHQWFDQLQHVDSSHDUDQGIRUDVKRUWWLPHERWK
SHUPDQHQWDQGSULPDU\FDQLQHVDUHSUHVHQW
+RZHYHU.YDPVD\VSHUPDQHQWFDQLQHV
HUXSWDIWHUPRQWKV 
7DEOH'HVFULSWLRQRIWRRWKZHDUSDWWHUQVIRUPuma concolor,IURP*D\DQG%HVW
$JH 0DOHV )HPDOHV
\HDUV &DQLQHVZKLWHZLWKQRVWDLQQRZHDURQLQFLVRUVRUFDQLQHV
&DQLQHVZKLWHZLWKQRVWDLQVSRWRI
ZHDURQKLJKHVWFXVSRI,ñQRZHDURQ
,ïDQG,ðWLSVRIFDQLQHVZLWKVOLJKW
ZHDU
\HDUV
&DQLQHVOLJKWO\VWDLQHGVSRWRIZHDU
RQKLJKHVWFXVSRI,ñ,ïDQG,ðZLWK
OLWWOHRUQRZHDUWLSVRIFDQLQHVZLWK
VOLJKWZHDU
&DQLQHVOLJKWO\VWDLQHG,ñZRUQIODW
PPDORQJFUHVW,ïDQG,ðZLWKVOLJKW
ZHDUDORQJHQWLUHFUHVWWLSVRIFDQLQHV
ZLWKREYLRXVZHDUPPRII
\HDUV
&DQLQHVPRGHUDWHO\VWDLQHG,ñZRUQ
WRZLWKLQPPRIFUHVWRI,ïDQG,ð
WLSVRIFDQLQHVZLWKREYLRXVZHDU
PPZRUQRII
&DQLQHVPRGHUDWHO\VWDLQHG,ñZRUQ
WRZLWKLQPPRIFUHVWRI,ïDQG,ð
WLSVRIFDQLQHVIODWZLWKPPZRUQ
RII
\HDUV
&DQLQHVGDUNO\VWDLQHG,ñZRUQQHDUO\
WROHYHOZLWK,ïDQG,ðWLSVRIFDQLQHV
IODWWHQHGWRVOLJKWO\URXQGHG
&DQLQHVGDUNO\VWDLQHG,ñZRUQOHYHO
ZLWK,ïDQG,ðWLSVRIFDQLQHVZRUQ
URXQGHG
\HDUV $OOLQFLVRUVZRUQWRRUQHDUO\WRJXPOLQHFDQLQHVZRUQURXQGHGWREOXQW
,QFLVRUVZRUQWRRUQHDUO\WRJXPOLQH
&DQLQHVZRUQEOXQW 
IXUWKHUHYDOXDWLRQRIWRRWKZHDUSDWWHUQVIRUROGHULQGLYLGXDOVLVQHFHVVDU\IROORZLQJ*D\DQG%HVW
)LJXUH7DEOH+RZHYHUWKHUHDUHPDQ\SUREOHPVZLWKLGHQWLI\LQJWKHDJHRIDQLQGLYLGXDO
IURPWHHWKZHDUSDWWHUQVDORQH6WDQGHU)XUWKHUFRPSOLFDWLRQVDULVHLQWKH7HRWLKXDFDQFDVHZKHUH
VRPHLQGLYLGXDOVGLVSOD\DEQRUPDOWHHWKZHDUSDWWHUQVGXHWRXQQDWXUDOFRQGLWLRQV+HQFHWHHWKZHDU
DQDO\VLVPXVWEHVXSSOHPHQWHGE\RWKHUPHWKRGVRIDJHGHWHUPLQDWLRQ
 -DJXDUVVSURXWDIXOOVHWRIGHFLGXRXVWHHWKE\GD\VRUVREXWGRQ¶WEHJLQWRHDWPHDWXQWLO
WRZHHNVDIWHUELUWK5DELQRZLW]DQG1RWWLQJKDP/RZHUGHFLGXRXVLQFLVRUVHUXSWDWDURXQGWR
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GD\VWKHXSSHUDWWRGD\VWKHXSSHUFDQLQHVDURXQGGD\VDQGWKHORZHUFDQLQHVDWWR
GD\V6WHKOLN3HUPDQHQWGHQWLWLRQHUXSWLRQSDWWHUQVDUHIDLUO\FRQVLVWHQWZLWKRWKHUIHOLGVRUGHUHG
3033RQWKHXSSHUWHHWKDQGPSSRQPDQGLEXODUGHQWLWLRQ6ODXJKWHUHWDO
)HOLGVWHQGWRKDYHPDUNHGVH[XDOGLPRUSKLVPWKDWFDQEHPHDVXUHGLQWKHFDQLQHWHHWKOHQJWK
SVHHIRUH[DPSOH6WDQGHUIRU/HRSDUGVDQGSXPDVDQGMDJXDUVVLPLODUO\VKRZDKLJK
SHUFHQWDJHRIVH[XDOGLPRUSKLVPLQWKHXSSHUFDQLQHDQWHURSVWHULRUGLDPHWHUSXPDVMDJXDUV
DQGWKHXSSHUFDQLQHPHGLRODWHUDOGLDPHWHUSXPDVMDJXDUV9DONHQEXUJKDQG6DFFR
2WKHUGLIIHUHQFHVEHWZHHQWKHVH[HVLQFOXGHWKHH[WHQWRIWRRWKGHWHULRUDWLRQIHPDOHVVKRZVLPLODU
GLVFRORUDWLRQWRWKHPDOHVEXWDUHOHVVSURQHWRIODNLQJRIHQDPHOOD\HUVDQGEUHDNDJH6WDQGHU
DQGWKHIRUPRIVRPHRIWKHFUDQLDOERQHVVXFKDVWKHIURQWDOWHPSRUDOVXWXUH+DOO)LJXUH
3XPDMXYHQLOHVOHVVWKDQD\HDUROGKDYHVPRRWKDQGURXQGFUDQLXPZLWKDEUDLQFDVHWKDWLVODUJH
LQFRPSDULVRQWRWKHIDFLDOSDUWVRIWKHFUDQLXPDQGPDQGLEOH7KHUHDUHRQO\IDLQWVXJJHVWLRQVRIWKH
SRVWRUELWDOSURFHVVHVDQGWKHVDJLWWDOFUHVWWKDWODWHUEHFRPHSURPLQHQWVWUXFWXUHV6LJQLILFDQWJURZWK
FRQWLQXHVGXULQJPRVWRIWKHDGXOWOLIHRIDSXPDIHPDOHVIURPILYHWRVL[\HDUVPDOHVVHYHQWRQLQH
\HDUV*D\DQG%HVW
)RUDERXWWKHILUVWZHHNVPDOHDQGIHPDOHSXPDVZHLJKDERXWWKHVDPHDQGLQGLYLGXDO
YDULDWLRQLVJUHDWHUXQWLODGXOWZHLJKWLVDWWDLQHGEHWZHHQWKHDJHVRIWZRWRIRXU\HDUV&XUULHU
*D\DQG%HVWZDVDEOHWRH[DPLQHPRUSKRORJLFDOFKDUDFWHULVWLFVWKDWLOOXVWUDWHGVLJQLILFDQW
VH[XDOGLPRUSKLVPSQ 2IWKHVHFKDUDFWHULVWLFVWKHJUHDWHVWGLDPHWHURIWKHXSSHUFDQLQH
DQGWKHJUHDWHVWGLDPHWHURIWKHORZHUFDQLQHLOOXVWUDWHGWKHJUHDWHVWYDULDQFH+RZHYHULWLVDOVRDSSDUHQW
WKDWWKHUHLVFRQVLGHUDEOHJHRJUDSKLFYDULDWLRQLQWKHGHJUHHRIVH[XDOGLPRUSKLVP*D\DQG%HVW
Zooarchaeological evidence 
7KHUHZHUHRQO\VFDQWHYLGHQFHRIIHOLGERQHVLGHQWLILHGLQSUHYLRXV]RRDUFKDHRORJLFDOVWXGLHV
VXJJHVWLQJWKDWWKHXVHRISXPDVDQGMDJXDUVZDVUHVWULFWHG2QO\RQHSXPDHOHPHQWZDVLGHQWLILHGDW
7HRSDQFD]FRDQGWKUHHLQGLYLGXDOVZHUHH[FDYDWHGDWWKH)63UHSUHVHQWHGE\RQHGHFLGXRXVWRRWKRQH
VHPLFRPSOHWHLQGLYLGXDODQGRQHKHDGÈOYDUH]DQG2FDxD5RGUtJXH]*DOLFLD7KHODFNRI
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SXPDVNHOHWDOHOHPHQWVLQWKH]RRDUFKDHRORJLFDOGDWDVHWDW7HRWLKXDFDQLVVWDJJHULQJFRQVLGHULQJLWZDV
ORFDOO\DYDLODEOHDQGZDVSURPLQHQWO\GHSLFWHGLQWKHLFRQRJUDSK\-DJXDUVEHLQJDQRQORFDOVSHFLHVLV
IDLUO\REVROHWHZLWKLQWKHIDXQDOUHFRUGZLWKRQO\RQHFDQLQHLGHQWLILHGDWWKH2]WR\RKXDOFRDSDUWPHQW
FRPSRXQG9DODGH]$]~D2WKHUIHOLGVSHFLHVZHUHHTXDOO\UHVWULFWHGRQO\RQHHOHPHQWRID
MDJXDURQGLFelis yagouaroundiDQGO\Q[Linx rufusZHUHIRXQGLQ;RFRWLWODDQG7HRSDQFD]FR
UHVSHFWLYHO\5RGUtJXH]*DOLFLD6WDUEXFN7KHVHWZRVSHFLHVDUHH[RWLFWKHMDJXDURQGL
GLVWULEXWHGIXUWKHUVRXWKDQGDORQJWURSLFDODQGFRDVWDODUHDVZKLOHWKHO\Q[LQKDELWVPRUHDULGUHJLRQVLQ
QRUWKHUQ0H[LFR/HRSROG
Felid symbolism in Mesoamerica  
$PSOHLFRQRJUDSKLFHWKQRJUDSKLFDQG]RRDUFKDHRORJLFDOGDWDGHPRQVWUDWHERWKSXPDDQG
MDJXDUVEXWSDUWLFXODUO\MDJXDUVZHUHUHJDUGHGDVKLJKO\SURPLQHQWSRZHUIXODQGSUHVWLJLRXVILJXUHVWKDW
ZHUHDVVRFLDWHGZLWKHOLWHVVKDPDQZDUULRUVDQGUXOHUVWKURXJKRXW0HVRDPHULFDVHH%HQVRQ
6DXQGHUV:KLOHWKHUHLVQRWHQRXJKVSDFHWRGLVFXVVLQGHWDLODOOHWKQRJUDSKLFDQG
LFRQRJUDSKLFH[DPSOHVRIIHOLGXVHKHUH,KLJKOLJKWVRPHNH\DWWULEXWHVDQGSUHVHQWIHOLGLFRQRJUDSK\
IURP7HRWLKXDFDQWRXQGHUVWDQGLWVV\PEROLVP
)HOLQHUHSUHVHQWDWLRQVGRPLQDWHWKHLFRQRJUDSKLFUHFRUGWKURXJKRXW0HVRDPHULFD,QSDUWLFXODU
WKHMDJXDUZDVFRQFHLYHGDVWKHORUGRIWKHDQLPDOVZKRZDV³FDXWLRXVZLVHDQGSURXG´6DKDJ~Q
DQGZHUHEHOLHYHGWREHWKHKLJKHVWRUGHURInagual*RVVHQ7KH\ZHUHDV\PERORI
VWUHQJWKILHUFHQHVVDQGYDORUWKDWZDVUHQGHUHGLQGHSLFWLRQVRIMDJXDUVDWWDFNLQJKXPDQILJXUHV
$JXLOHUD7KH\KDYHDORQJKLVWRU\LQWKHLFRQRJUDSKLFUHSHUWRLUHSDUWLFXODUO\ZHOONQRZQ
LQHDUO\2OPHFDUWZKHUHIHOLGVZHUHGHSLFWHGDVZHUHMDJXDUEDELHVDQLFRQRJUDSKLFWUDGLWLRQWKDW
H[SDQGHGHYHQLQWRWKHKLJKODQGUHJLRQ&RH*RQ]iOH]7RUUHV*URYH-DJXDUVDUH
DVVRFLDWHGZLWKWKHXQGHUZRUOGDQGQLJKWWLPHEHFDXVHWKH\KDYHOLJKWJDWKHULQJFHOOVWDSHWXPOXFLGXP
WKDWDOORZVIHOLGVWRVHHLQWKHGDUNDQGUHIOHFWVOLJKWOLNHDPLUURUZKLFKLVZK\IHOLGVDUHDVVRFLDWHGZLWK
PLUURUVHJWKH$]WHFJRG7H]FDWOLSRFDVPRNLQJPLUURUKDGMDJXDUDWWULEXWHV6DXQGHUV$
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MDJXDUVNXOOIURP.DPLQDOMX\XEHDULQJWKHJROGS\ULWHVDVLWVH\HVSUREDEO\UHIHUHQFHWKLVDVSHFWRIIHOLG
YLVLRQ0LOOHUDQG7DXEH
$VKLJKO\V\PEROLFDQLPDOVMDJXDUERG\SDUWVHVSHFLDOO\WKHVNLQFDQLQHVSDZVDQGHDUVZHUH
H[WHQVLYHO\XVHGWRGUDZDIILQLW\ZLWKWKLVSRZHUIXOEHDVW7KURXJKRXW0HVRDPHULFDVKDPDQSULHVWV
UXOHUVDQGZDUULRUVDUHGUHVVHGLQMDJXDUDFFRXWUHPHQWV)RUH[DPSOH$]WHFPLOLWDU\FODQVFRPSRVHGRI
WKHEUDYHVWZDUULRUVquauhtli-ocelotHDJOHMDJXDUZRXOGVHWRIIWRZDUGUHVVHGLQHODERUDWHMDJXDUDQG
HDJOHUHJDOLD6DXQGHUV6HOHU(WKQRJUDSKLFDFFRXQWVGRFXPHQWKRZ\RXQJPDOHV
IURP$FDWOiQ*XHUUHURHQJDJHLQFHUHPRQLDOFRPEDWZHDULQJHODERUDWHMDJXDUPDVNVDQGFRVWXPHV
VSLOOLQJWKHLURZQEORRGLQSHWLWLRQIRUWKHUDLQWRLQVXUHDJULFXOWXUDOVXFFHVV6DXQGHUV
$UFKDHRORJLFDOO\ZHNQRZWKDWMDJXDUVDQGSXPDVZHUHUHODWHGWRSRZHUDQGUXOHUVKLS2QHYLYLG
H[DPSOHLVWKHODUJHGHGLFDWRU\FDFKHGLVFRYHUHGE\$OWDU4DWWKH0D\DFHQWHURI&RSDQ+RQGXUDV
$OWDU4YLYLGO\GHPRQVWUDWHGWKHDFFHVVLRQRIWKHWKUXOHU<D[3DVDK$'KDQGHGWKHEDWRQ
RIUXOHUVKLSE\WKHIRXQGLQJNLQJ.¶LQLFK<D[.¶XN0REDFNHGE\HDFKRIWKHDQFHVWUDONLQJV
$JXUFLD)DVTXHOOHDQG)DVK)DVK'XULQJDSHULRGRISROLWLFDOLPEDODQFHGHIRUHVWDWLRQDQG
SROLWLFDOGHFOLQHDQHQVHPEOHRIVL[WHHQIHOLGVPDLQO\MDJXDUVDQGSXPDVZHUHGHSRVLWHGLQWRWKLVFDFKH
DVDQDWWHPSWWRUHJDLQRUGHUDQGOHJLWLPDF\%DOOLQJHUDQG6WRPSHU6XJL\DPDDQG)DVK,Q
WKH$]WHF7HPSOR0D\RUSXPDDQGMDJXDUVNHOHWRQVZHUHLQFOXGHGLQHODERUDWHGHGLFDWRU\FDFKHV
ÈOYDUH]DQG2FDxD
8QVXUSULVLQJO\IHOLGVDUHDEXQGDQWO\UHSUHVHQWHGLQ7HRWLKXDFDQSDUWLFXODUO\SUHYDOHQWLQ
HODERUDWHPXUDOSDLQWLQJVDQGVWRQHVFXOSWXUHVDWWKHFHUHPRQLDOFRUHDQGLQUHVLGHQWLDOFRPSRXQGVFORVH
WRWKLVPHWURSROLV9DULDWLRQVLQIHOLGLFRQRJUDSK\H[LVWUDQJLQJIURPQDWXUDOLVWLFUHQGHULQJRIMDJXDUVLQ
WKHPXUDOSDLQWLQJRI³$QLPDOHV0LWRORJLFRV´)XHQWHE)LJXUHDQGSXPDV³*UDQ3XPD´RQ
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
)LJXUH0XUDOSDLQWLQJRI)HDWKHUHG)HOLQHIURPWKH'H<RXQJ)LQH$UWV0XVHXPRI6DQ
)UDQFLVFR3KRWRJUDSKHGE\16XJL\DPD

SODWIRUPPXUDO)XHQWHF/DPLQDWRP\WKRORJLFDOGHSLFWLRQVRIIHDWKHUHGIHOLQHVGUHVVHGLQ
PLOLWDU\UHJDOLD3D]WRU\3ODWH)LJXUH6LPLODUWRODWHULOOXVWUDWLRQVDW7XODIHOLGVZHUH
RIWHQDVVRFLDWHGZLWKKHDUWVDFULILFHVDVVRPHPXUDOSDLQWLQJVIURP7HRWLKXDFDQGHPRQVWUDWHDWULOREHG
PRWLILQWHUSUHWHGWRUHSUHVHQWDKHDUWLQIURQWRIWKHIHOLG)HOLGLFRQRJUDSK\ZDVSUHYDOHQWLQRWKHUPHGLD
VXFKDVIHOLGVWRQHVFXOSWXUHVIRXQGLQIURQWRIWKH6XQ3\UDPLGDQGWKH;DOODFRPSRXQGORFDWHGWRWKH
QRUWKRIWKH6XQ3\UDPLG0DQ]DQLOOD1DLPDQG/ySH]/XMiQ
,QWKLVPDQQHUSXPDVDQGMDJXDUVZHUHDVVRFLDWHGZLWKSRZHUPLOLWDULVPDQGGRPLQDWLRQOLQNHG
WRWKHSLQQDFOHRIWKHDQLPDOKLHUDUFK\DVWKHPDVWHURIDQLPDOV7KHSXPDZLWKLWVJROGHQFRDWZRXOG
KDYHEHHQDVVRFLDWHGZLWKWKHVXQZKLOHWKHEODFNURVHWWHVRIWKHMDJXDUDQGLWVQRFWXUQDOOLIHVW\OHZRXOG
KDYHOLQNHGWKLVFDUQLYRUHWRWKHXQGHUZRUOG7KHVHDQLPDOVZHUHWUDGLWLRQDOVRXUFHVRISRZHUWKURXJKRXW
96
0HVRDPHULFD7KH\FRQWLQXHGWRVHUYHDVSULQFLSOHLFRQVDW7HRWLKXDFDQHODERUDWHO\GHFRUDWLQJSXEOLFDQG
SULYDWHVSDFHVDORQJWKH$YHQXHRIWKH'HDGQH[WWRPDMRUPRQXPHQWVDQGLQWKHDSDUWPHQWFRPSRXQGV
&DQLGVCanisVS
Ecology, biology and behavior 
7KUHHFDQLGVSHFLHVZHUHSUHVHQWZROYHVCanis lupusFR\RWHVCanis latransDQGSRVVLEOH
K\EULGVEHWZHHQZROYHVDQGGRJVCanis lupus-familiaris:KLOHGRJVZHUHPRVWDEXQGDQWLQRWKHU
FRQWH[WVXWLOL]HGDVDVXEVLVWHQFHVRXUFHRUVRPHWLPHVDFFRPSDQ\LQJEXULDOVWKH\ZHUHFRPSOHWHO\
DEVHQWIURPVWDWHOHYHOULWXDOL]HGFRQWH[WV7KLVVXJJHVWVWKDWGRJVZKLOHSOD\LQJDYHU\SURPLQHQWUROHLQ
GRPHVWLFOHYHOULWXDOL]HGDFWLYLWLHVZHUHQRWUHJDUGHGDVNH\DFWRUVDVVRFLDWHGZLWKVWDWHVSHFWDFOHV7KLV
ZDVSUREDEO\GXHWRWKHFOHDUGLVWLQFWLRQEHWZHHQZLOGDQGGRPHVWLFIRUPVRIWKHFDQLGVZLWKDSDUWLFXODU
HPSKDVLVRQZROYHV%LRORJLFDOFKDUDFWHULVWLFVZHUHH[DPLQHGWRH[SODLQZK\ZROYHVZHUH
RYHUZKHOPLQJO\IDYRUHGRYHUFR\RWHVLQWKH]RRDUFKDHRORJLFDOUHFRUGDW7HRWLKXDFDQ(OVHZKHUH,KDYH
XWLOL]HGWKLVLQIRUPDWLRQWRDUJXHWKDWPDQ\RIWKHFDQLGVUHSUHVHQWHGLQWKHPXUDOSDLQWLQJVDW
7HRWLKXDFDQUHSUHVHQWHGZROYHVLQVWHDGRIFR\RWHV6XJL\DPDDQG6XJL\DPD
+LVWRULFDOUHFRUGVGHPRQVWUDWHWKDWWKHGLVWULEXWLRQRIFR\RWHVDQGZROYHVZHUHGUDPDWLFDOO\
DOWHUHGDIWHUWKH6SDQLVKFRQTXHVW7KHUDQJHRIWKH0H[LFDQ*UH\:ROICanis lupus baileyiKDV
UHFHQWO\EHHQH[WHQVLYHO\UHGXFHGWRWKHH[WHQWWKDWWKH\DUHSUHVHQWO\RQWKHHQGDQJHUHGVSHFLHVOLVWLQ
0H[LFR7KHLURULJLQDOGLVWULEXWLRQVSDQQHGWKH6LHUUD0DGUHDQGDGMRLQLQJWDEOHODQGUHJLRQRI:HVWHUQ
0H[LFRWKURXJK6($UL]RQD6:1HZ0H[LFR:HVW7H[DVDQGVRXWKIURP6RQRUDDQG7DPDXOLSDVLQWR
0LFKRDFiQWKH9DOOH\RI0H[LFRDQG3XHEOD/HRSROG0F%ULGH<RXQJDQG*ROGPDQ
)LJXUH+RZHYHURQO\DIHZDUHDVFRQWLQXHWRVXVWDLQZROISRSXODWLRQV²LQWKH6LHUUD0DGUH
2FFLGHQWDOWKHDULGPRXQWDLQVRIZHVWHUQ&RDKXLODDQGHDVWHUQ&KLKXDKXDDQG6DQ/XLV3RWRVt/HRSROG
,QVKDUSFRQWUDVWFR\RWHSRSXODWLRQVEHQHILWWHGZLWKWKHGHFOLQHRIZROYHVWKDWZHUH
FRPSHWLWRUVIRUSUH\+LGDOJR0LKDUWHWDO/HRSROG
7KHPDLQIDFWRUFRQWULEXWLQJWRWKHGHFOLQHRIZROISRSXODWLRQZDVSUREDEO\EHFDXVHOLYHVWRFN
ZHUHSULPHSUH\IRUZROYHVDQGEHFDPHKHDYLO\KXQWHG/HRSROG%\WKHWLPH*DPLR9RO
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
)LJXUH+\SRWKHWLFDOKLVWRULFDOGLVWULEXWLRQRI0H[LFDQJUH\ZROICanis lupus baileyi0DUWtQH]
*XWLpUUH]HWDO&21$%,2

,UHFRUGHGORFDOVSHFLHVLQWKH7HRWLKXDFDQ9DOOH\ZROYHVZHUHQRORQJHUUHFRUGHG7KLVSUREDEO\
FRQWULEXWHGWRWKHELDVHGLGHQWLILFDWLRQRIFDQLGVDW7HRWLKXDFDQDVPDQ\LQYHVWLJDWRUVZHUHXQDZDUHWKDW
ZROYHVZHUHSUHVHQWLQ3UH&ROXPELDQWLPHV
&R\RWHVDUHGLVWLQFWIURPZROYHVERWKE\LWVVRFLDORUJDQL]DWLRQDQGSUH\FKRLFH&R\RWHVRFLDO
RUJDQL]DWLRQLVYDULDEOHXVXDOO\OLYLQJDORQHRULQSDLUVDQGVRPHWLPHVHYHQIRUPODUJHUJURXSVWRKXQW
EXWXQOLNHWKHZROYHVWKH\QHYHUIRUPSDFNV*RPSSHU/HRSROG'XHWRWKHLUVPDOO
VL]HFR\RWHVRIWHQRQO\DSSURDFKVPDOOPDPPDOVDQG\RXQJRULQMXUHGVLFNODUJHPDPPDOVDQGRIWHQ
VFDYHQJHWKHUHPDLQVRIODUJHUZROINLOOLQJV:KLOHFR\RWHVDUHRIWHQDVVRFLDWHGZLWKGHHUNLOOLQJV
FR\RWHVXVXDOO\RQO\SUH\RQIDZQVDQGZHDNHQHGLQGLYLGXDOV/HRSROG,QIDFWWKHUHDUH
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PDQ\FDVHVRIGHHUFKDVLQJFR\RWHVDZD\&R\RWHVDUHYRFDODQLPDOVWKDWFDQEHKHDUGDVWKH\FRQVWDQWO\
PRYHDURXQGWKHODQGVFDSHPDNLQJWKHPKLJKO\YLVLEOH/HRSROG0LOORQ
:ROYHVLOOXVWUDWHDFRPSOH[VRFLDORUJDQL]DWLRQPDNLQJWKHPDSSURSULDWHSDUDOOHOVWRKXPDQ
JURXSVWKH\H[KLELWSDLUERQGLQJYDU\LQJSDFNVL]HVWKDWVWD\WRJHWKHU\HDUURXQGKDYHH[WHQGHGIDPLO\
FODQVDQGKDYHVWULFWOHDGHUVKLSKLHUDUFKLHV)ULWWVHWDO0HFKDQG%RLWDQL:ROYHVDUH
FRPPRQO\IRXQGKXQWLQJLQSDLUVRUSDFNVDQGDGXOWZKLWHWDLOHGGHHUDUHNQRZQWREHSULPHSUH\IRU
ZROYHV$VVRFLDOFDUQLYRUHVVRPHKDYHDUJXHGWKDWWKHFRRSHUDWLYHKXQWLQJVW\OHWKDWLVQRWVHHQE\RWKHU
W\SHVRIFDUQLYRUHVPD\KDYHFRQWULEXWHGWRWKHFORVHDVVRFLDWLRQ+XLFKROFRPPXQLWLHVKDGZLWKZROYHV
)LNHV
'LIIHUHQWLDWLQJEHWZHHQDFR\RWHDQGDZROIEDVHGRQSKHQRW\SLFFKDUDFWHULVWLFVFDQEHHVSHFLDOO\
GLIILFXOWEHFDXVHWKHVXEVSHFLHVRICanis lupus baileyiIRXQGLQWKH0H[LFDQ%DVLQLVWKHVPDOOHVWJUD\
ZROIIRXQGLQWKH$PHULFDV$OWKRXJKWKLVVXEVSHFLHVLVVWLOOODUJHUWKDQWKHFR\RWHWKHLUFRDWFRORULV
YHU\VLPLODUDVFOLPDWHDOLPHQWDWLRQDQGRWKHUH[WULQVLFIDFWRUVLQIOXHQFHFRORUDWLRQDQGKHQFHLVQRWWKH
EHVWLQGLFDWRUIRULGHQWLILFDWLRQ<RXQJDQG*ROGPDQ+RZHYHU,KDYHDUJXHGHOVHZKHUHWKDW
WKHUHDUHVHYHUDOFKDUDFWHULVWLFVWKDWGLIIHUHQWLDWHWKHFDQLGUHSUHVHQWDWLRQVLQPXUDOSDLQWLQJVDW
7HRWLKXDFDQDVZROYHV6XJL\DPDDQG6XJL\DPD)RUH[DPSOHFR\RWHVDUHGLVWLQJXLVKHGQRWRQO\
E\WKHLUVPDOOHUEXLOGEXWDOVRE\WKHLUSRLQWHGORQJDQGIRUZDUGIDFLQJ\HDUVZLWKDVPDOOVOHQGHUQRVH
DQGGHOLFDWHIHHW-DFNVRQ,QFRPSDULVRQWKH0H[LFDQJUH\ZROIKDVURXQGHGHDUVZLWKDEURDG
DQGODUJHQRVHODUJHDQGEURDGSDZVZLWKDPDQHOLNHORQJHUIXUDORQJWKHVKRXOGHUVDQGDQWHULRUSDUWRI
WKHEDFN:KLOHFR\RWHVDQGZROYHVPD\DWILUVWVLJKWVHHPVLPLODULQPDQ\DVSHFWVLWLVDSSDUHQWWKDW
VRFLDOO\WKH\ZHUHYHU\GLVWLQFWDQGVXEWOHGLIIHUHQFHVKLJKOLJKWLQJWKHVHSKHQRW\SLFFKDUDFWHULVWLFVZHUH
HPSKDVL]HGLQWKHPXUDOSDLQWLQJVWRGLIIHUHQWLDWHEHWZHHQWKHVHWZRVSHFLHV6XJL\DPDDQG6XJL\DPD
6XFKFKDUDFWHULVWLFVZHUHSUREDEO\HPLQHQWWRLQGLJHQRXVFRPPXQLWLHVDQGZHUHUHIOHFWHGLQWKHLU
LQGLJHQRXVFODVVLILFDWLRQV\VWHP,QWKHSUHVHQWFDVHWKH7HRWLKXDFDQRVZHUHFKRRVLQJWKHZROIDVWKH
PRVWHPLQHQWFDQLGWRSDUWLFLSDWHLQVWDWHULWXDOV
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Species, age and sex determinations 
)DLUO\H[WHQVLYHLQYHVWLJDWLRQRQLQWHUFDQLGGLIIHUHQFHVKDVEHHQFRQGXFWHGLQ0H[LFR
SDUWLFXODUO\LQGLVWLQJXLVKLQJYDULRXVEUHHGVRIGRJVDQGGLIIHUHQWLDWLQJEHWZHHQZROYHVFR\RWHVDQG
HYHQKRZK\EULGIRUPVPD\EHLGHQWLILHGLQWKH]RRDUFKDHRORJLFDOUHFRUG%ODQFR3DGLOODHWDO
5RGUtJXH]*DOLFLD9DODGH]$]~DHWDO3DUWLFXODUO\PRUSKRPHWULFWUDLWVLQWKHGHQWLWLRQ
HVSHFLDOO\WKHFDUQDVVLDODQGWKHFUDQLXPZHUHXWLOL]HGLQWKHSUHVHQWFRQWH[W
/LNHIHOLGVWHHWKHUXSWLRQDQGZDUHDQGERQHIXVLRQFDQKHOSGHWHUPLQHDJHZKLOHVHYHUDOPHWULF
DQGQRQPHWULFFKDUDFWHULVWLFVFDQDLGVH[LQJVNHOHWRQV%ODQFR3DGLOODHWDO)RUH[DPSOHWKH
VKDSHRIWKHWHPSRUDOOLQHVLQUHODWLRQWRWKHVDJLWWDOFUHVWFDQKHOSVH[DFUDQLXPPDOHVKDYHZHOO
GHYHORSHGWHPSRUDOOLQHVPHHWMXVWEHKLQGWKHEUHJPDWRIRUPWKHVDJLWWDOFUHVWZKLOHIHPDOHVLIVDJLWWDO
FUHVWLVSUHVHQWKDYHWHPSRUDOOLQHVWKDWPHHWIDUEHKLQGWKHEUHJPD6KLJHKDUDHWDO)LJXUH
0HWULFDOO\WKHFUDQLXPVKRZHGVLJQLILFDQWGLIIHUHQFHVDVZHOO%ODQFR3DGLOODHWDO
$OWKRXJKFUDQLDOSURSRUWLRQGRHVQRWGLIIHUJUHDWO\EHWZHHQVH[HVDOOPHDVXUHPHQWVIRUHDFKPD[LOODU\
WRRWKZDVVLJQLILFDQW3WKRVHRIPDOHVZHUHFRQVLVWHQWO\ODUJHUWKDQIHPDOHV0D[LPXPFUDQLDO
OHQJWKGLIIHUHGE\DSSUR[LPDWHO\PPEHWZHHQPDOHDQGIHPDOHVDQGPDOHVZHUHVLJQLILFDQWO\ODUJHU
DQGVWURQJHU6KLJHKDUDHWDO7KHPDQGLEOHDOVRH[KLELWPHWULFDQGQRQPHWULFFKDUDFWHULVWLFV
WKDWKHOSLGHQWLI\WKHVH[RIWKHLQGLYLGXDO7KHFRQG\ORLGFUHVWLQWKHDVFHQGLQJUDPXVLVGHHSHUDQGZLWK
DVKDUSHUHGJHLQPDOHVWKDQIHPDOHV0DQGLEXODUWHHWKGLVSOD\HGDVLJQLILFDQWGLIIHUHQFH3LQ
RIWKHPHDVXUHPHQWVDQGSLQRWKHUVL[PHDVXUHPHQWV6KLJHKDUDHWDO
2WKHUSRVWFUDQLDOSDUWVWKDWLOOXVWUDWHVH[XDOGLIIHUHQWLDWLRQDUHIRXQGLQWKHSHOYLVZKHUHWKH
DQJOHRIDWWDFKPHQWRIWKHWZRKDOYHVDWWKHSXELFV\PSK\VLVLVZLGHULQIHPDOHV6KLJHKDUDHWDO
7KHSUHVHQFHRIWKHos pinisERQHLVDYHU\DFFXUDWHPHWKRGWRMXGJHWKDWLWLVDPDOH&URFNIRUG
+RZHYHUWKLVERQHGRHVQRWFRQVHUYHZHOOLQWKHDUFKDHRORJLFDOUHFRUG$VQRQPHWULFWUDLWVKDVDKLJK
HUURUUDWHDERXWLWLVQHFHVVDULO\WRH[DPLQHERRWKPHWULFDQGQRQPHWULFWUDLWVWRGHWHUPLQHVH[
%ODQFR3DGLOODHWDO6KLJHKDUDHWDO
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Zooarchaeological evidence 
:ROIDQGFR\RWHUHPDLQVIURPULWXDOL]HGDFWLYLWLHVZHUHIRXQGLQRIIHULQJVIURPWKH)63DQGLQ
FDYHGHSRVLWVORFDWHGWRWKHHDVWRIWKH6XQ3\UDPLG3UR\HFWR$UTXHROyJLFR&XHYDV7HRWLKXDFDQDV
$SSHQGL[$2WKHU]RRDUFKDHRORJLFDOUHPDLQVZHUHLGHQWLILHGDWWKH;RFRWLWOD6WDUEXFNDQG
7HRSDQFD]FR5RGUtJXH]*DOLFLDDSDUWPHQWFRPSRXQGV
&DQLGERQHVIURPWKH)63ZHUHIRXQGLQWKHIRUPRIDPD[LOODU\SHQGDQWVWKDWDGRUQHGD
VDFULILFHGFDSWLYHIURP%XULDO2ULJLQDOO\WKHVHPD[LOODHZHUHLGHQWLILHGDVEHORQJLQJWRVL[GRJV
Canis familiarisE\ÈOYDUH]DQG2FDxDEXWZHUHODWHUUHDVVLJQHGE\9DODGH]DQGKLVFROOHDJXHV
DVDFRPSLODWLRQRILQGLYLGXDOVLQFOXGLQJGRJVDQGVHYHUDOW\SHVRIK\EULGVEHWZHHQZROYHVDQGGRJV
OREHUURFR\RWHDQGGRJDQGFR\RWHDQGOREHUUR9DODGH]$]~DHWDOD7KHLQGLYLGXDOVWKDW
ZHUHDGRUQHGZLWKVXFKFDQLGPD[LOODU\SHQGDQWVZHUHPRVWSUREDEO\ZDUFDSWLYHV6XJL\DPD
)XUWKHUPRUHDZROIEXULDOFRPSRVHGRIDFUDQLXPDQGPDQGLEOHDUHUHFRUGHGIURPDGLIIHUHQWEXULDO
FKDPEHU%XULDO
=RRDUFKDHRORJLFDOUHPDLQVIURPIRXUFDYHVORFDWHGWRWKHHDVWRIWKH6XQ3\UDPLGKDYHEHHQ
DQDO\]HG:LWKLQWKHFDYHGHSRVLWVPRVWRIWKHFDQLGVLQWHUSUHWHGWREHULWXDOGHSRVLWVZHUHLGHQWLILHGDV
GRJV01,LQGLYLGXDOVZKLOHK\EULGVEHWZHHQZROIDQGGRJ01,LQGLYLGXDOVDQGFR\RWHV01,
LQGLYLGXDOVZHUHRQO\IRXQGLQVPDOOTXDQWLWLHV5RGUtJXH]*DOLFLD9DODGH]$]~DHWDOF
*LYHQWKHVHILQGVLWVHHPVWKDWFR\RWHVZHUHXVXDOO\QRWIRXQGDVVRFLDWHGZLWKDUFKDHRORJLFDOFRQWH[WV
DQGPRVWO\SRVWGDWHWKH7HRWLKXDFDQRFXSDWLRQ
$VXUYH\RIWKHIDXQDOUHPDLQVIURPUHVLGHQWLDOFRPSRXQGVIURPYDULRXVVHFWRUVRIWKHFLW\
GHPRQVWUDWHVWKDWWKHPDMRULW\RIWKHFDQLGVIURPDSDUWPHQWFRPSRXQGVZHUHRIGRPHVWLFGRJV
$SSHQGL[$5RGUtJXH]*DOLFLD9DODGH]$]~D'LIIHUHQWFDQLGWD[DZHUHXVHGLQ
ULWXDOVSDFHVYHUVXVUHVLGHQWLDOXQLWVZROYHVZHUHDEXQGDQWLQPDQ\ULWXDOFRQWH[WVZKLOHGRPHVWLFGRJV
ZHUHHPLQHQWLQKRXVHKROGULWXDOVDQGQRQULWXDOFRQWH[WV2QO\VFDQWUHPDLQVRIZLOGFDQLGVKDYHEHHQ
IRXQGIURPDSDUWPHQWFRPSRXQGVQ VXJJHVWLQJWKDWOLNHWKHZLOGIHOLGVWKHLUXVHZDVUHVWULFWHG
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$JDLQWKLVVFDUFHHYLGHQFHLVLQVKDUSFRQWUDVWWRWKHSURPLQHQWGLVSOD\RIFDQLGLFRQRJUDSK\IRXQGLQWKH
DSDUWPHQWFRPSRXQGV
2QO\WKUHHFR\RWHVZHUHUHFRUGHGIURPDUFKDHRORJLFDOGHSRVLWVVXJJHVWLQJWKH\ZHUH
LQWHQWLRQDOO\DYRLGHGZKLOHZROYHVDQGGRJVZHUHSUHIHUHQWLDOO\VHOHFWHGWREHXVHGLQULWXDOSUDFWLFHVRU
IRUDOLPHQWDOSXUSRVHV7KHPDWHULDOVIURPWKHEXULDOFRQWH[WVDQDO\]HGLQWKLVGLVVHUWDWLRQIXUWKHUFRQILUP
WKLVSDWWHUQ
Canid symbolism in Mesoamerica 
 %RWKWKHFR\RWHDQGWKHZROIFDQEHIRXQGLQHWKQRJUDSKLFDQGHWKQRKLVWRULFDOVRXUFHVDV
SURPLQHQWILJXUHVLQP\WKRORJLHV%ODQFR3DGLOODHWDODE9DODGH]$]~DHWDO7KH1DKXDV
GHVFULEHWKHFR\RWHDVDVWXWHUHYHQJHIXOEXWWKDQNIXODQGZDVEHOLHYHGWKDWLWH[SUHVVHGVH[XDOGHVLUHV
%HLQJWKHSDWURQGHLW\RIIHDWKHUZRUNHUV0LOORQLWORYHGPXVLFGDQFLQJDQGSOHDVXUH
$JXLOHUD6DKDJ~Q7KH\ZHUHUHYHUHGDVZDUULRUVZLWKFHUWDLQGLVWLQFWLRQVWKDWDFKLHYHG
KLJKUDQNLQEDWWOH0LOORQ%ODQFRHWDODIRUH[DPSOHKDYHDUJXHGWKDWWKHWLWOH
³FDEDOOHURSDUGRV´ZDVDVVLJQHGWRORZHUVWDWXVLQGLYLGXDOVZKRZHUHEUDYHUZDUULRUVWKDWZHUH
GLVWLQJXLVKHGE\ZHDULQJZROIUHJDOLD
7KHUHLVDOVRDULFKUHSHUWRLUHRIZROIV\PEROLVPDPRQJWKH+XLFKRO,QGLDQVWKDWFORVHO\
UHVHPEOHGHVFULSWLRQVRIWKHFR\RWHIURP$]WHFVRXUFHV,QIDFWWKH\DUHVRFORVHO\UHODWHGWKDW
RQHVFKRODUHTXDWHV+XLFKROP\WKVRIWKHZROIZLWKFR\RWHWDOHVRI8WR$]WHFDQIDPLOLHV.HOOH\
7KH+XLFKRO,QGLDQVGHVFULEHWKHZROIDVDWULFNVWHUYHQJHIXODQGFDUULHVVH[XDOLPSOLFDWLRQV7KH
WUDQVIRUPDWLRQLQWRDZROIE\DVKDPDQLVFRQVLGHUHGWKHPRVWHPRWLRQDOO\LQWHQVHDQGFDQEHUHDFKHG
RQO\E\FHUWDLQVKDPDQVWKDWXVXDOO\IROORZIDPLO\OLQHDJHV2QFHDVKDPDQKDVUHDFKHGWKLVVWDJHKHLV
DEOHWRPDVWHUVWKUHHDELOLWLHVKXQWLQJRIGHHUKHDOLQJDQGWKHFRQWURORIUDLQ)LNHV
,WLVEHOLHYHGWKDWZROYHVWDXJKWWKH+XLFKROKRZWRKXQWGHHUDQGWKHSH\RWHZKLFKLVFRQVLGHUHG
WREHWKHKHDUWRIWKHGHHU7KLVLVZK\WKH+XLFKROVLQJWRWKHZROYHVDQGPDNHRIIHULQJVWRWKHPSULRUWR
JRLQJKXQWLQJ)LNHV7KLVGLUHFWDVVRFLDWLRQEHWZHHQWKHZROISUHGDWRUDQGGHHUSUH\LV
H[SUHVVHGDW7HRWLKXDFDQLQWKHPXUDOSDLQWLQJ³&R\RWHVDQGGHHU´ZKHUHWZRFDQLGVDUHSDLQWHG
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
)LJXUH0XUDOSDLQWLQJRI³&R\RWHDQG'HHU´IURPWKH'H<RXQJ)LQH$UWV0XVHXPRI6DQ
)UDQFLVFR3KRWRJUDSK16XJL\DPD

GHYRXULQJDGHHU)LJXUH)RUWKH+XLFKROZROYHVDUHDQFHVWRUGHLWLHVFDOO³(OGHU%URWKHUV´
matzimamaDQGWKLVNLQVKLSLVUHSUHVHQWHGWKURXJKPDUULDJHDQGDUHWROGWRKDYHLQWHUEUHGLQWKHSDVW
)LNHV=LQJJ:ROYHVDUHWKXVFRQVLGHUHGFXVWRGLDQVRIHFRORJLFDORUGHUDV
WKH\GLFWDWHWKHSURFXUHPHQWRIWKUHHYLWDOVRXUFHVUDEELWGHHUDQGSH\RWH)LNHV:ROYHVKHOS
WKH+XLFKROREWDLQWKHQHFHVVDU\GHHUDQGUDEELWEORRGWRIHHGWKHDQFHVWRUGHLWLHVZKRLQWXUQSURYLGH
WKHPZLWKUDLQDQGPDL]H)LNHV
8WLOL]LQJWKHVHDQDORJLHVRIZROIDQGFR\RWH,KDYHDUJXHGWKDWWKHPDMRULW\RIWKHFDQLG
UHSUHVHQWDWLRQVDW7HRWLKXDFDQZHUHSUREDEO\GHSLFWLQJZROYHV6XJL\DPDDQG6XJL\DPDGHVSLWH
WKHRYHUZKHOPLQJXVHRIWKHWHUP³FR\RWH´WRGHVFULEHPXUDOV0LOORQ7KHUHLVDJUHDWGHJUHHRI
YDULDWLRQLQWKHIRUPVLQZKLFKWKHFDQLGVZHUHGUDZQZKLFKLQFOXGHFDQLGVLQSURILOHLQWKHPLGVWRID
KXQWRUVDFULILFHDQGVWLOORWKHUVWKDWZHUHGUDZQDVDQWKURSRPRUSKLFILJXUHVGUHVVHGLQPLOLWDULVWLFDWWLUH
(DJOHVAquila chrysaetos canadensis)
Ecology, biology and behavior 
$PRQJWKHPDQ\VXEVSHFLHVRIJROGHQHDJOHVGLVWULEXWHGWKURXJKRXWWKHZRUOGWKHAquila
chrysaetos canadensisLVWKHRQO\PHPEHUIRXQGLQWKH1HDUFWLF'LVWULEXWHGIURP$ODVND&DQDGD
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WKURXJKWKHZHVWHUQ8QLWHV6WDWHVDQGH[WHQGLQJDOOWKHZD\LQWRFHQWUDO0H[LFRWKLVVSHFLHZRXOGKDYH
EHHQORFDOO\DYDLODEOHLQWKH%DVLQRI0H[LFR:DWVRQ7KHVHUDSWRUVLQKDELWYDULHGKDELWDWV
UDQJLQJIURPDULGRUVHPLDULGDUHDVGHVHUWVRSHQJUDVVODQGVDQGHYHQIDUPODQGV+RZHOODQG:HEE
7KH\DUHDERXWFPWDOOZLWKZLQJVSDQVWKDWUHDFKFP+RZHOODQG:HEE
(DJOHDJHVSDQXVXDOO\UDQJHEHWZHHQ\HDUV:DWVRQ&DSWLYHHDJOHVKDYH
ORQJHUOLIHVSDQVRQHH[DPSOHUHFRUGHGWROLYHXSWR\HDUV*RUGRQ
7KHLUQHVWVDUHSUHGRPLQDQWO\IRXQGDORQJFOLIIVHVFDUSPHQWVRURXWFURSVDQGDUHKLJKO\YLVLEOH
RQWKHODQGVFDSHDVWKH\KDYHVSHFWDFXODUXQGXODWLQJGLVSOD\IOLJKW:DWVRQ+HUURQHWDO
7KHVHUDSWRUVIRUPVHPLSHUPDQHQWSDLUERQGVWKDWPDLQWDLQDYDJXHO\GHILQHGKRPHUDQJHZLWK
RYHUODSSLQJFRPPRQKXQWLQJJURXQGV:DWVRQ&OXWFKHVUDQJLQJEHWZHHQRQHWRWKUHH
FKLFNVEXWXVXDOO\WZRFKLFNVKDWFKPRVWFRPPRQO\EHWZHHQODWH$SULODQGHDUO\0D\(OOLV
:DWVRQ(DJOHWVXQGHUJRDQH[WUHPHO\UDSLGJURZWKIURPDKDWFKOLQJZHLJKLQJDURXQGJWRD
IXOO\JURZQELUGZHLJKLQJWKUHHWRIRXUNJLQZHHNV:DWVRQ'XULQJWKLVWLPHSOXPDJH
FKDQJHVGUDVWLFDOO\DVZHOOEHJLQQLQJZLWKDµSUHSHQQDH¶GRZQIRUXSWRGD\VZKHQWKHHDJOHW
DSSHDUVZKLWLVKWUDQVLWLRQLQJIURPWRGD\VZKHQGDUNFRQWRXUIHDWKHUVJURZWKDWEHJLQVWRJLYHD
GDUNEURZQDSSHDUDQFHIURPGD\VIRUZDUG2QO\DIWHUWKHILIWKRUVL[WKVXPPHUZKHQWKHHDJOH
FRPSOHWHGPXOWLSOHPROWVLVWKHIXOODGXOWSOXPDJHZKLFKQRORQJHUUHWDLQVWKHZKLWHFRORUIRUWZRWKLUGV
RIWKHLUOHQJWKWUDQVIRUPLQJWRDJROGHQFRORUZLWKVKDUSGDUNEODFNWLSV:DWVRQ0DUNHGORVVLQ
ZHLJKWGXULQJIHDWKHUJURZWKLOOXVWUDWHVWKHODUJHHQHUJ\H[SHQGHGRQWKLVSURFHVV*RUGRQ
1HVWOLQJSHULRGLVGHSHQGHQWRQYDULRXVIDFWRUVVH[ZHDWKHUFRQGLWLRQVSUH\DYDLODELOLW\SDUHQWDO
EHKDYLRUEXWXVXDOO\UDQJHVEHWZHHQWRGD\V:DWVRQ
7KHLUGLHWFRQVLVWVRIYDULHGPDPPDOLDQDQGDYLDQSUH\VSHFLHV:DWVRQEXWRQHVWXG\LQ
1HYDGDUHSRUWHGOHSRULGVSDUWLFXODUO\KDUHVDQGRWKHUVPDOOJDPHVTXLUUHOVFRQVWLWXWHGEHWZHHQ
RIWKHHDJOH¶VGLHWVXJJHVWLQJDQDOORSDWKLFUHODWLRQVKLSZLWKOHSRULGGLVWULEXWLRQ+HUURQHWDO
(DJOHWVEHJLQWRHDWRQWKHLURZQDIWHURQHPRQWKLQFDSWLYLW\6WHHQEHUJ7KLVLV
XVXDOO\DFFRPSOLVKHGE\HLWKHUWHDULQJFKXQNVRIPHDWDQGERQHVRIIRIWKHSUH\RUVZDOORZLQJZKROH
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(OOLV&RQVXPSWLRQLQWKLVPDQQHUUHVXOWVLQODUJHSHOOHWVOLNHPDQ\UDSWRUVWKDWLQFOXGHDPL[WXUH
RIIXUIHDWKHUVDQGERQ\HOHPHQWV6WXGLHVSDUWLFXODUO\IRFXVLQJRQHDJOHSHOOHWUHPDLQVUHFRUGHGWKDW
FRQWUDU\WRH[SHFWDWLRQVODUJHIDLUO\XQEURNHQHOHPHQWVZHUHIRXQGZLWKVLJQVRIFRUURVLRQVFRXULQJ
SLWWLQJDQGWKLQQLQJSROLVKLQJDQGVWDLQLQJWRWKHERQH+RFNHWW,QWKLVVWXG\RQO\WZRWRIRXU
ERQHVZHUHIRXQGLQHDFKSHOOHWEXWWKH\K\SRWKHVL]HWKDWWKLVORZFRXQWFRPSDUHGWRFR\RWHSHOOHWVLV
SUREDEO\EHFDXVHHDJOHVVZDOORZUHODWLYHO\IHZHUERQHVGXULQJIHHGLQJ+RFNHWW
Species, age and sex determinations 
 7KHUHKDVEHHQDQH[WHQVLYHFRPSDUDWLYHVWXG\RIWKHGLIIHUHQFHVEHWZHHQJROGHQHDJOHAquila 
chrysaetosDQGEROGHDJOHHaliaeetus leucocephalusVNHOHWDOVE\0F.XVLFNWKDWPDGHWKH
LGHQWLILFDWLRQRIJROGHQHDJOHVIDLUO\VWUDLJKWIRUZDUG$VEROGHDJOHVDUHQRWSUHYDOHQWLQWKH0H[LFDQ
%DVLQWKHUHZHUHQRVDPSOHVIRXQGWRGDWHIURP7HRWLKXDFDQ
 7KHDJHRIOLYHJROGHQHDJOHVDUHIDLUO\HDV\WRLGHQWLI\EDVHGRQSOXPDJH-XYHQLOHVKDYHGDUNHU
DQGPRUHXQLIRUPSOXPDJHZLWKZKLWHSDWFK\XQGHUVLGHVZKLOHDGXOWVKDYHPRUHIUHVKGDUNIHDWKHUVWKDW
ODWHUIDGHDZD\:KHHOHUDQG&ODUN+RZHYHULWLVVLJQLILFDQWO\PRUHGLIILFXOWWRDVVHVV
WKHDJHDQGVH[RIHDJOHVIURPVROHO\VNHOHWDOHOHPHQWV7KLVLVEHFDXVHPDQ\ELUGVGRQRWKDYH
HSLSK\VHDOJURZWKSODWHV,QVWHDGDYLDQORQJERQHVH[SDQGWKURXJKDSSRVLWLRQIURPWKHFRUHWRZDUGWKH
DUWLFXODUVXUIDFHV6HUMHDQWVRQ7KXVRQO\ERQHSRURVLW\DQGOHQJWKLQGLFDWHWKHSUHVHQFHRI
LQIDQWDQGMXYHQLOHERQHV)XUWKHUGLIILFXOWLHVDUHFDXVHGE\WKHVSHHGDWZKLFKDYLDQVNHOHWRQVUHDFK
VNHOHWDOPDWXULW\LQHDJOHVE\WRZHHNVZKLFKRFFXUVZHOOEHIRUHWKHELUGEHFRPHVVH[XDOO\
PDWXUHDQGGHYHORSVIXOODGXOWSOXPDJHILYHWRVL[\HDUV6HUMHDQWVRQ7KH\RXQJDJHDWZKLFK
HDJOHVUHDFKHVIXOOERG\VL]HPDNHVLWH[WUHPHO\GLIILFXOWWRILQGLPPDWXUHERQHVLQWKHDUFKDHRORJLFDO
DVVHPEODJH+RZHYHUZKHQWKH\DUHLGHQWLILHGWKH\FDQEHDFFXUDWHO\DJHGLQGLFDWLQJIDLUO\FRQFUHWH
IHDWXUHVRIFDSWLYLW\VHDVRQRIRFFXSDWLRQDQGVHOHFWLRQSURFHGXUHV)RUH[DPSOHYHU\\RXQJVSHFLPHQV
RIPDFDZVDQGWXUNH\VDQGWKHLUHJJVKHOOIUDJPHQWVZHUHLGHQWLILHGDWWKHVLWHRI3DTXLPHLQ&KLKXDKXD
0H[LFR'L3HVRHWDO
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0F.XVLFNKDVEHHQDEOHWRGLVWLQJXLVKVRPHDJHVWDJHVDPRQJJROGHQHDJOHV<RXQJ
JROGHQHDJOHVIRUH[DPSOHKDYHDQLQWUDRULELWDOIHQHVWUDWKDWLVTXLWHSURQRXQFHGWKHILUVW\HDUWKDWLV
JUDGXDOO\ILOOHGXQWLOLWGLVDSSHDUVDURXQGWKHVHFRQGRUWKLUG\HDULQPDOHVDQGDVODWHDVLQWRWKHIRXUWK
\HDUDPRQJIHPDOHV0F.XVLFN)LJXUH$QRWKHUDJHLQGLFDWRULVWKHIHQHVWUDSUHVHQWQHDU
WKHSRVWHULRUPDUJLQRIWKHVWHUQXPEXW0F.XVLFNGLGQRWILQGDQ\VLJQLILFDQWSDWWHUQLQJWREH
DEOHWRWUXVWWKLVDVDGLDJQRVWLFIHDWXUH2YHUDOOWKHSRVWHULRUPDUJLQRIWKHVWHUQXPVHHPVWREH
UHODWLYHO\VPRRWKE\WKHHQGRIWKHILUVW\HDUZLWKDGXOWVH[KLELWLQJDFHQWUDOFRQYH[LW\0F.XVLFN
8QIRUWXQDWHO\WKHVHWZRDUHDVDUHYHU\WKLQPDNLQJWKHPVXVFHSWLEOHWREUHDNDJHDQGZHUHQHDUO\DOZD\V
DEVHQWLQWKHSUHVHQWFROOHFWLRQ
,WLVDPXFKKDUGHUWRGLIIHUHQWLDWHVH[DPRQJERWKOLYHHDJOHVDQGWKHLURVVHRXVUHPDLQV6RPH
ILHOGJXLGHVDUJXHWKDWDGXOWIHPDOHVDUHODUJHUZLWKZLGHLUUHJXODUJUD\EOREWKDWUXQVDFURVVWKHFHQWHURI
WKHWDLOIHDWKHUVWKDWFRQWUDVWWRVPDOOHUPDOHVWKDWKDYHWKUHHQDUURZZDY\JUD\LVKEDQGVRQWKHLUWDLOV
:KHHOHUDQG&ODUNEXWPRVWELRORJLVWVRQO\WUXVWPRUSKRPHWULFWUDLWV+DUPDWDDQG
0RQWRSROLIRUH[DPSOHXWLOL]HGKHDGDQGKDOOX[OHQJWKWRGHWHUPLQHVH[5DSWRUVH[KLELWUHYHUVH
VH[XDOGLPRUSKLVPZKHUHIHPDOHVDUHODUJHU)HPDOHJROGHQHDJOHVKDYHZLQJVSDQVXSWRORQJHU
DQGZHLJKDVPXFKDVPRUHWKDQPDOHV:DWVRQ2WKHUVKDYHFRQFHQWUDWHGLQ
LGHQWLI\LQJPHGXOODU\ERQHʊFDOFLXPWKDWLVORFDWHGLQWKHPDUURZFDYLW\WKDWLVUHOHDVHGGXULQJHJJVKHOO
SURGXFWLRQʊWRLGHQWLI\VRPHIHPDOHVGXULQJUHSURGXFWLYHVWDJHV6HMHDQWVRQ
 7KHSHOYLVDOVRSURYLGHVFXHVWRWKHVH[RIWKHDQLPDOEHFDXVHRIWKHUHSURGXFWLYHIXQFWLRQLWKDV
)HPDOHJROGHQHDJOHV\QVDFUXPGRHVQRWIXVHZLWKWKHLOLXPWKURXJKRXWLWVOLIHZKLOHDPRQJPDOHVLW
IXVHVDVHDUO\DVIRXUPRQWKVRIDJH0F.XVLFN)LJXUH'HVSLWHWKHLUVPDOOHUERG\VL]HPDOH
FUDQLXPJUHDWHVWEUHDGWK*%9RQ'HQ'ULVFKWHQGVWRH[FHHGWKDWRIIHPDOHVSHUKDSV
EHFDXVHWKH\EULQJPRVWRIWKHIRRGWRWKHQHVW0F.XVLFN$JDLQWKHVHWZRFKDUDFWHULVWLFVDUH
YHU\IUDJLOHRIWHQQRWIRXQGFRPSOHWHDQGLQPRVWFDVHVZHUHQRWKHOSIXOIRUVH[GHWHUPLQDWLRQV
$XVHIXOFKDUDFWHULVWLFWKDWWHQGVWRSUHVHUYHZHOOLQWKHDUFKDHRORJLFDOUHFRUGLVWKH
WDUVRPHWDWDUVL)HPDOHJROGHQHDJOHVXVXDOO\KDYHORQJHUDQGVWRFNLHUWDUVRPHWDWDUVLZLWKDEURDGVKDIW
106
DQGEURDGSUR[LPDODUWLFXODUKHDGZKLOHPDOHVH[KLELWGLIIHUHQWSURSRUWLRQVWKDWWHQGWREHPRUHJUDFLOH
0F.XVLFN)HPDOHPHWDWDUVDOIDFHWVDUHLQFOLQHGWREHSURPLQHQWDQGZHOOGHILQHGZKLOH
PDOHVFRQWDLQQDUURZHUPHWDWDUVDOIDFHWVWKDWWUDLORII7KLVSDWWHUQLVWUXHIRUPDQ\ORQJERQHHOHPHQWV
DVPDOHVDUHJHQHUDOO\VPDOOHUDQGVOHQGHUVKDIWHGPDNLQJLWSDUWLFXODUO\KDUGWRGLVWLQJXLVKDPRQJ
\RXQJLQGLYLGXDOVWKDWPD\PRUHFORVHO\UHVHPEOHPDOHVWDWXUH0F.XVLFN,QWKHSUHVHQW
FROOHFWLRQJUHDWHVWOHQJWK*/DQGJUHDWHVWEUHDGWKRIWKHSUR[LPDOHQG%S9RQ'HQ'ULVFK
ZHUHPHDVXUHGIRUHDFKWDUVRPHWDWDUVLWREHFRPSDUHGZLWK0F.XVLFN¶V7DEOHPHDVXUHPHQWV
Zooarchaeological evidence 
 6LPLODUWRWKHRWKHUVSHFLHVGHVFULEHGDERYHWKHUHZDVDQDPD]LQJFRQWUDVWEHWZHHQWKH
DEXQGDQFHRI]RRDUFKDHRORJLFDOUHPDLQVRIHDJOHVIURPWKHVWDWHVSRQVRUHGULWXDODFWLYLWLHVDQGWKHDOPRVW
FRPSOHWHODFNRIIDXQDOUHPDLQVIURPRWKHUUHIXVH2QO\RQHHDJOHHOHPHQWZDVIRXQGDWWKH7HRSDQFD]FR
DSDUWPHQWFRPSRXQGDQGYHUWHEUDHRIWKLVUDSWRUKDYHDOVREHHQPHQWLRQHGIURP%XULDOLQWKH)63
7KLVSDWWHUQLVFRQVLVWHQWZLWKRWKHUIDXQDVXJJHVWLQJWKHUHZDVDYHU\UHVWULFWHGDFFHVVWRWKLVYDOXDEOH
VSHFLHGHVSLWHLWEHLQJORFDOO\DWWDLQHG
Eagle symbolism in Mesoamerica 
 (DJOHVZHUHRIWHQDVVRFLDWHGZLWKWKHVXQDVWKHUHVSHFWLYH1DKXDWOWHUPVIRUVXQULVH
cuauhtlehuanitlDVFHQGLQJHDJOHDQGVXQVHWcuauhtemocGHVFHQGLQJHDJOHHPSKDVL]HWKHIOLJKWRIWKLV
UDSWRUWKRXJKWKHVN\0LOOHUDQG7DXEH7KH$]WHFVXQJRGTonatiuhZDVXVXDOO\GHSLFWHG
ZHDULQJDIHDWKHUKHDGGUHVVZLWKUHGERG\SDLQWDQGODUJHUD\HGVRODUGLVN0LOOHUDQG7DXEH
7KHHDJOHWRJHWKHUZLWKWKHMDJXDUPDGHXSRQHRIWKHWZRZDUULRURUGHUVpar excellenceZKRPZRXOG
JRRXWLQWREDWWOHZHDULQJHDJOHUHJDOLD0LOOHUDQG7DXEH
3OHQW\RIHWKQRJUDSKLFDQGFRORQLDOGRFXPHQWDWLRQDOOXGHWRWKHSUDFWLFHRIUDLVLQJELUGVIRUULWXDO
SXUSRVHV7KLVLQFOXGHVDUFKDHRORJLFDOFRUUHODWHVRIEUHHGLQJDQGUDLVLQJPDFDZVWKDWZHUHLPSRUWHG
IURPWKHWURSLFDOUHJLRQVLQ3DTXLPpDQG&DFD[WOD'L3HVRHWDO6RPHUYLOOHHWDO0DFDZV
WXUNH\VKDZNVDQGRWKHUELUGVWKDWZHUHYDOXHGIRUWKHLUIHDWKHUVZHUHSHQQHGIRUWKHLUIHDWKHUVDQGWR
EHFRPHVDFULILFLDOYLFWLPV7KHUHPDLQVRIWKHVHUDSWRUVZHUHIRXQGLQEXULDOVSHQVDQGGHSLFWHGLQWKH
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
)LJXUH0XUDOSDLQWLQJRIDUDSWRUZDUULRUILJXUHIURP$WHWHOFR3DWLR%ODQFR3RUWLFR0XUDOV
3KRWRJUDSKE\16XJL\DPD

FHUDPLFLFRQRJUDSK\LQ6RXWKZHVW8QLWHG6WDWHVDQGQRUWKHUQ0H[LFR'L3HVRHWDO+DUJUDYH
+LOO0F.XVLFN6]XWHU7KHRVWHRORJLFDOHYLGHQFHIURP3DTXLPHZLWKDQDUUD\RI
SDWKRORJLHVLQFOXGLQJGLVHDVHVDQGLQMXULHVGXHWRPDOQXWULWLRQYLWDPLQ'GHILFLHQF\DQGIUDFWXUHV
FRQILUPWKHSUHVHQFHRIDQDFWLYHEUHHGLQJSURJUDPDWWKLVVLWH'L3HVRHWDO
(WKQRJUDSKLFDFFRXQWVGHPRQVWUDWHUHPDUNDEOHFRQVLVWHQF\LQWKHULWXDONHHSLQJDQGVDFULILFHRI
ELUGVWXUNH\HDJOHUDYHQDQGPDFDZLQ6RXWKZHVWHUQ8QLWHG6WDWHV0F.XVLFN9DULRXV
HWKQRJUDSKLFUHFRUGVIURPPRGHUQLQGLJHQRXVJURXSVLQWKH8QLWHG6WDWHV+RSL+LGDWVDUHFRUGHDJOHV
DUHFDXJKWDVFKLFNVXVXDOO\E\ER\VZKRPIHHGDQGUDLVHWKHPDQGGHVFULEHWKHVDFULILFLDOULWXDOLWVHOI
)HZNHV/pYL6WUDXVV0F.XVLFN7KHVHUDSWRUVZHUHXVXDOO\NLOOHGYLDVXIIRFDWLRQ
LWVIHDWKHUVSDUWLFXODUO\WDLOIHDWKHUVZRXOGEHSOXFNHGDQGGHSHQGLQJRQWKHVH[DGROORUERZVZRXOG
EHSODFHGLQIURQWRIWKHUDSWRUWREHEXULHGLQDGHVLJQDWHGHDJOHFHPHWHU\0F.XVLFN2QH
LQIRUPDQWPHQWLRQHGWKDWVRPHIDPLOLHVZRXOGKDYHXSWRHDJOHVLQFDSWLYLW\0F.XVLFN
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/LNHWKHRWKHUDQLPDOVGHVFULEHGDERYHPXUDOSDLQWLQJVIURP7HRWLKXDFDQFRQWDLQDEXQGDQW
UHIHUHQFHVWRSURPLQHQWDYLDQIRUPV7KHDSDUWPHQWFRPSRXQGRI$WHWHOFR)LJXUHIRUH[DPSOH
GHPRQVWUDWHVUDSWRUVGUDZQLQSURILOHGUHVVHGLQPLOLWDU\UHJDOLD7KLVLOOXVWUDWLRQFRQILUPVWKHOLQN
EHWZHHQUDSWRUVSUREDEO\HDJOHVDQGV\PEROVRIZDUIDUHDQGPLOLWDULVP
2WKHU$YLDQVSHFLHV
%HVLGHVWKHDSSDUHQWGRPLQDQWUROHRIWKHHDJOHLQVWDWHOHYHOULWXDOL]HGDFWLYLWLHVDW7HRWLKXDFDQ
LQFRPSOHWHVSHFLPHQVRIRWKHUELUGVZHUHDOVRLQFRUSRUDWHGLQWRWKHEXULDOV0DQ\RIWKHPDWHULDOVIRXQG
ZHUHFRPSRVHGRIRQO\SDUWLDOHOHPHQWVVXFKDVMXVWWKHH[WUHPLWLHVDQGWKXVZHUHQRWSULPDU\GHSRVLWV
1RQHWKHOHVVLWLVDSSDUHQWWKH\ZHUHQRWPHUHILOOUHIXVHEXWZHUHIDXQDOSURGXFWVWKDWZHUHSDUWRIWKH
RIIHULQJ+HUH,EULHIO\GLVFXVVVRPHRIWKHVHVSHFLHVWRFRPSOHWHWKHSLFWXUHRIWKHDYLDQDVVHPEODJH
IRXQGIURPRIIHUWRU\FRQWH[WV
Great Horned Owl (Bubo virginanus) 
&KDUDFWHUL]HGE\WKHWKLFNDQGEXV\HDUVWKDWVWLFNRXWIURPWKHVLGHRIWKHKHDGWKHJUHDWKRUQHG
RZOBubo virginanusLVGLVWULEXWHGWKURXJKRXWPRVWRI0H[LFRH[FOXGLQJKXPLGHYHUJUHHQIRUHVWV
+RZHOODQG:HEE7KH\DUHFRPPRQWKURXJKRXWQRUWKHUQWRFHQWUDO0H[LFREHFRPLQJOHVV
IUHTXHQWLQVRXWKHUQODWLWXGHV+RZHOODQG:HEE$JDLQRQO\VFDQWRZOUHPDLQVDUHIRXQGLQ
RWKHUFRQWH[WVZLWKRQO\RQHVSHFLPHQLGHQWLILHGDW7HRSDQFD]FR5RGUtJXH]*DOLFLD
Hawk (Buteo sp.) 
0RVWKDZNVZHUHUHGWDLOHGKDZNButeo jamaicensisZKLFKDUHODUJHFPZLQJVSDQ
FPDQGDUHDEXQGDQWO\GLVWULEXWHGWKURXJKRXW0H[LFR,WEUHHGVLQWHPSHUDWHUHJLRQVWKURXJKRXW
1RUWK$PHULFDWRZHVWHUQ3DQDPD+RZHOODQG:HEE7KHURDGVLGHKDZNButeo
magnirostrisLVVPDOOHUFPZLQJVSDQFPDQGQRQORFDOLQKDELWLQJWKHKXPLGRSHQDQG
VHPLRSHQFRXQWULHVDORQJHDVWHUQDQGZHVWHUQFRDVWVRI0H[LFRDQGLQWRWKHWURSLFDOORZODQGVRI
<XFDWDQ4XLQWDQD5RRDQGLQWRDUHDVRI%HOL]HDQG*XDWHPDOD+RZHOODQG:HEE
/LNHRWKHUDQLPDOV%XWHRVS5HGWDLOHGKDZNButeo jamaicensisDQG5RDGVLGHKDZNButeo
magnirostrisZHUHLGHQWLILHGRQO\PLQLPDOO\IURPRWKHUFRQWH[WVButeoVSUHPDLQVZHUHLGHQWLILHGLQ
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WZRFRQWH[WDWWKH)63%XULDOFRQWDLQHGERQHIUDJPHQWVIURPRQHLQGLYLGXDOQRLQIRUPDWLRQDERXW
ZKLFKHOHPHQWVDQG%XULDOLQFOXGHGUHPDLQVRIYHUWHEUDHRIWKLVJHQXVÈOYDUH]DQG2FDxD
2XWVLGHWKLVVSHFLDOL]HGFRQWH[WRQO\RQHUHGWDLOHGKDZNERQHZDVLGHQWLILHGDWWKH7HRSDQFD]FR
DSDUWPHQWFRPSRXQG5RGUtJXH],WLVLPSRUWDQWWRQRWHKHUHWKDWUHGWDLOHGKDZNVKDYHEHHQ
UHFRUGHGWREHNHSWLQFRQILQHPHQWDORQJVLGHHDJOHVRUWRVXEVWLWXWHWKHPDPRQJLQGLJHQRXVFRPPXQLWLHV
LQ6RXWKZHVWHUQ8QLWHG6WDWHV0F.XVLFN
Pigeon/Dove Columbidae
7KHUHDUHPDQ\VSHFLHVRISLJHRQVDQGGRYHVSUHVHQWLQ&HQWUDO0H[LFRDQGDUHYHU\GLIILFXOWWR
LGHQWLI\WRDVSHFLHVOHYHO:KLOHVRPHFRXOGRQO\EHLGHQWLILHGWRWKHIDPLO\OHYHO&ROXPELGDHWKUHH
LQGLYLGXDOVZHUHVSHFLILHGWRWKHOHYHORIVSHFLHDVLQFDGRYHVColumbina inca7KLVVSHFLHLVH[WUHPHO\
ZLGHVSUHDGWKURXJKRXWPRVWRI0H[LFRH[FHSW%DMD&DOLIRUQLDDQGSDUWVRIWKHWURSLFDOORZODQG]RQHV
+RZHOODQG:HEE
,WLVGLIILFXOWWRDVVHVVLIVPDOOVSHFLHVVXFKDVWKHGRYHFRXOGKDYHVLPSO\HQWHUHGWKHEXULDOILOO
RUZDVLQWHQWLRQDOO\GHSRVLWHGDVWKH\ZHUHQRWGUDZQLQWKHSODQYLHZGUDZLQJV7KHVSHFLPHQVIRXQG
IURPEXULDOFRQWH[WVZHUHFRPSRVHGRIHLWKHUIDLUO\FRPSOHWHLQGLYLGXDOVRULVRODWHGVSHFLPHQVIURPWZR
EXULDOFRQWH[WV%XULDOVDQG7KXVWKH\PD\KDYHHQWHUHGWKHULWXDODVVHPEODJHDVRIIHUWRU\DUWLIDFWV
RUFRXOGKDYHEHHQIHGWRWKHFDUQLYRUHV7KH,QFDGRYHZDVDOVRLGHQWLILHGLQWKH7HRSDQFD]FRDSDUWPHQW
FRPSOH[5RGUtJXH]*DOLFD7KHODFNRIFROXPELGDHUHPDLQVWKURXJKRXWRWKHUFRQWH[WLVSUREDEO\
PHUHO\DUHVXOWRIWKHODUJHVFUHHQVL]HXWLOL]HGLQPRVWH[FDYDWLRQV7KHHIIHFWRIWKLVLVSDUWLFXODUO\
QRWLFHDEOHGXHWRWKHDSSDUHQWODFNRIPDQ\PLFURDQLPDOVVXFKDVVPDOOJDPHELUGVDQGSDUWLFXODUO\ILVK
LQPRVWQRQEXULDOFRQWH[WV7HRSDQFD]FRDVLWZDVILQHVFUHHQHGEHLQJWKHH[FHSWLRQ
Northern raven (Corvux corax) 
&URZVDQGUDYHQVRQO\GLVWLQJXLVKHGE\VL]HDUHDOOEODFNELUGVIRXQGWKURXJKRXWWHPSHUDWH
UHJLRQVLQFOXGLQJWKH0H[LFDQ%DVLQ7KHQRUWKHUQRUFRPPRQUDYHQCorvus coraxLVIRXQG
DEXQGDQWO\LQDULGWRVHPLKXPLGRSHQDQGVHPLRSHQODQGV+RZHOODQG:HEE7KHLU
]RRDUFKDHRORJLFDOLGHQWLILFDWLRQZDVEDVHGRQVRPHYHU\GHWDLOHGZRUNRQ(XURSHDQVSHFLHV7RPHNDQG
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%RFKHĔVNLWKDWZDVFRQILUPHGZLWKPRGHUQFRPSDUDWLYHVDPSOHRIDJHQHUDOCorvusVSVSHFLPHQ
DWWKH3DOHR]RRORJ\ODERUDWRU\7ZRVSHFLPHQVRIWKLVDQLPDOZDVUHFRUGHGIURPQRQS\UDPLGDOFRQWH[WV
RQHIURPWKH2]WR\RKXDOFRDSDUWPHQWFRPSRXQG9DODGH]$]~DDQGDQRWKHUGRFXPHQWHGDW
;RFRWLWOD6WDUEXFN
Prairie Falcon (Falco mexicanus) 
7KHSUDLULHIDOFRQFalco mexicanusLVDODUJHIDOFRQWKDWLQKDELWVDULGWRVHPLDULGDQGRSHQDQG
VHPLRSHQKDELWDWV+RZHOODQG:HEE7KLVIDOFRQEUHHGVLQZHVWHUQ8QLWHG6WDWHVDQGLQWR
QRUWKHUQSDUWVRI0H[LFRDQGWKHQPLJUDWHVLQWRWKH%DVLQRI0H[LFRGXULQJWKHZLQWHUVHDVRQV+RZHOO
DQG:HEE2QO\RQHLQGLYLGXDOZDVLGHQWLILHGDVDSUDLULHIDOFRQIURPEXULDOFRQWH[WV2QH
HOHPHQWZDVLGHQWLILHGDVFalco spIURPWKH7HRSDQFD]FRDSDUWPHQWFRPSRXQG5RGUtJXH]*DOLFLD
DQGDQRWKHUSUDLULHIDOFRQERQHZDVIRXQGGXULQJ7HRWLKXDFDQ0DSSLQJ3URMHFWH[FDYDWLRQV6WDUEXFN

5DWWOHVQDNHV
Ecology, biology, and behavior 
6RPHRIWKHUDWWOHVQDNHVNQRZQWRLQKDELWWKH0H[LFDQ%DVLQLQFOXGHCrotalus polystictusDOVR
NQRZQDVDTXDWLFUDWWOHVQDNHWKHEODFNWDLOUDWWOHVQDNHVC. molossus0H[LFDQGXVN\UDWWOHVQDNHC.
triseriatus0H[LFDQSLJP\UDWWOHVQDNHSistrurus ravus)DQGFURVVEDQGHGPRXQWDLQUDWWOHVQDNHC.
transverses$UPVWURQJDQG0XUSK\5DPtUH]%DXWLVWDHWDO7KH\UDQJHLQKDELWDW
SUHIHUHQFHVRPHDORQJPDUVKHVDQGURFN\RUWDOOJUDVVHVWHPSHUDWHSLQHRDNIRUHVWVDQGPHTXLWH
JUDVVODQGVC. polysticutusZKLOHRWKHUVSUHIHUKLJKHOHYDWLRQVDORQJPRXQWDLQUDQJHVC. molossus
$PRQJWKHVSHFLHVPHQWLRQHGDERYHWKHCrotalus triseriatus triseriatusFDQLQKDELWWKHKLJKHVWHOHYDWLRQ
DPRQJPRQWDQHCrotalusVSHFLHVUHFRUGHGRQ0W2UL]DED9HUDFUX]PDVO$UPVWURQJDQG
0XUSK\0DQ\RIWKHVHUDWWOHVQDNHDUHDVVRFLDWHGZLWKWKHVSULQJDQGDTXDWLFV\PEROLVP
PDLQO\EHFDXVHWKH\HPHUJHHLWKHUULJKWEHIRUHRUGXULQJWKHUDLQ\VHDVRQ7KHLUDJJUHVVLYHQHVVYDULHV
FRQVLGHUDEO\E\VSHFLHDQGVHDVRQ)RUH[DPSOHWKHC. trvansversesLVSDUWLFXODUO\QRQRIIHQVLYH
111
$UPVWURQJDQG0XUSK\ZKLOHWKHC. polystictusHPHUJHIURPKLEHUQDWLRQUHODWLYHO\LQRIIHQVLYH
LQWKHODWHVSULQJUHVXPLQJDQDJJUHVVLYHSRVWXUHRQO\GXULQJWKHVXPPHUPRQWKV
Species, age and sex determinations 
:KLOHWKHSULPDU\FUDQLDODQGPDQGLEXODUHOHPHQWVDUHXVHIXOLQVSHFLHVOHYHOLGHQWLILFDWLRQRI
VQDNHVWKHPDMRULW\RI]RRDUFKDHRORJLFDODVVHPEODJHVRQO\FRQWDLQULEVDQGYHUWHEUDHWKDWDUHPRUH
DEXQGDQWDQGODUJHUWKDQWKHWKLQXQIXVHGFUDQLDOHOHPHQWV8QIRUWXQDWHO\ULEVDUHGLDJQRVWLFRQO\WRWKH
6XERUGHU6HUSHQWHVDQGWKXVYHUWHEUDHKDYHEHHQWKHPDLQHOHPHQWXVHGWRLGHQWLI\WKHIDPLO\DQG
JHQXVLQTXHVWLRQ:DONHU
 &URWDOXVYHUWHEUDHZHUHLGHQWLILHGEDVHGRQGHVFULSWLRQVLQWKHOLWHUDWXUH$XIIHQEHUJ
/D'XNH6L]HYDULHVDPRQJVSHFLHVDQGFORVHUH[DPLQDWLRQRIHDFKLVUHTXLUHGWRLGHQWLI\
WKHLUUDQJHDQGYDULDWLRQ:KLOHVXFKDVWXG\LVEH\RQGWKHVFRSHRIWKHSUHVHQWVWXG\FDUHIXOPRUSKR
PHWULFWUDLWVZHUHWDNHQIRUIXWXUHGHVLJQDWLRQWRDVSHFLHVOHYHORQFHDPRUHFRPSUHKHQVLYHFRPSDUDWLYH
FROOHFWLRQFDQEHFRQVXOWHG$WWKLVSRLQWPHWULFDQGVHYHQPRUSKRORJLFDOFKDUDFWHULVWLFVZHUHWDNHQ
IRUILYHPLGWUXQNYHUWHEUDH079DQGILYHSRVWHULRUWUXQNYHUWHEUDH379IROORZLQJ/D'XNH¶V
PHWKRGRORJ\,QJHQHUDODWOHDVWWZRGLIIHUHQWVSHFLHVZHUHUHSUHVHQWHGLQWKHIDXQDODVVHPEODJH
GLVWLQJXLVKHGE\WKHYHUWHEUDHVL]HDQGDPRUHHORQJDWHGKDHPDOSURFHVVDQGVSLQRXVSURFHVVHVE\WKH
ODUJHUVSHFLHV
 7KHUHLVXVXDOO\DFRUUHODWLRQEHWZHHQDJHDQGERG\VL]HDPRQJDPSKLELDQVDQGUHSWLOHVEXWWKLV
UHODWLRQVKLSLVZHDNLQIOXHQFHGE\PDQ\LQGLYLGXDOYDULDWLRQVZLWKLQVSHFLHVDQGDPRQJDJHFODVVHVWREH
DVROHLQGLFDWRURIDJH+DOOLGD\DQG9HUUHOO7KXVVXFKDWDVNLVXVHOHVVZKHQGHDOLQJZLWK
LQGLYLGXDOVWKDWKDYHQRWUHDFKHGIXOOERG\OHQJWK.ODXEHU2QHNH\IHDWXUHLQLGHQWLI\LQJ
\RXQJUDWWOHVQDNHLVWKHSUHVHQFHRIWKHSUHERWWRQRQWKHUDWWOHWKDWGHILQHVWKHVHUSHQWWREHRQO\DIHZ
GD\VROGEHIRUHLWLVORVWZLWKWKHILUVWVKHGGLQJ.ODXEHU8QIRUWXQDWHO\WKLVZDVQRWUHFRUGHGRQ
DQ\RIWKHLQGLYLGXDOVH[DPLQHGWKXVIDU6NHOHWRFKURQRORJ\RIYHUWHEUDHFRXQWLQJWKHJURZWKOD\HUVRQ
WKHFHQWUXPWKDWUHSUHVHQWSHULRGVRIKLEHUQDWLRQDUHXVHIXOEXWKLJKO\ODERULQWHQVLYHWKDWUHTXLUHWHVWLQJ
HDFKRIWKHVSHFLHVLQTXHVWLRQZLWKLQGLYLGXDOVRINQRZQDJH0LQDNDPL:D\HDQG*UHJRU\
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 6LPLODUO\GHWHUPLQLQJWKHVH[RIDUDWWOHVQDNHLVH[WUHPHO\GLIILFXOW:KLOH,FRXOGQRWILQGZKHQ
UDWWOHVQDNHUHDFKVH[XDOPDWXULW\WKHFRPPRQJDUWHUVQDNHThamnophis sirtalisUHDFKHVWKLVSRLQW
EHWZHHQWZRWRWKUHH\HDUVRIDJH:D\HDQG*UHJRU\$WWKHWLPHRIELUWKWKHUHLVQR
VLJQLILFDQWVH[XDOGLPRUSKLVPEXWLVGHILQHGJUDGXDOO\ZLWKDJHDQGE\WKHWLPHWKH\UHDFKVH[XDO
PDWXULW\WKHUHLVDLQFUHDVHDPRQJPDOHERG\VL]HDQGE\DGXOWKRRGWKLVGLIIHUHQFHUHDFKHVEHWZHHQ
WR.ODXEHU7KXVWKHVSHFLHVQHHGWREHGHWHUPLQHGWKHQLWVDJHDQGILQDOO\WKHVH[RIWKH
DQLPDOFDQEHDGGUHVVHG
Zooarchaeological evidence 
5DWWOHVQDNHUHPDLQVZHUHVFDUFHZLWKH[DPSOHVRQO\SUHYDOHQWLQWKH)63DQGWKH7HRSDQFD]FR
DSDUWPHQWFRPSRXQG)URPWKH)63DWOHDVWWKUHHLQGLYLGXDOVZHUHUHSUHVHQWHGE\YHUWHEUDODQGFUDQLDO
HOHPHQWVIURPDQRIIHULQJFDFKH8QLGDG&XDGURR/D\HU/;;,,,YHUWHEUDOHOHPHQWVLQ%XULDO
DQGFUDQLDODQGYHUWHEUDOHOHPHQWVZHUHLGHQWLILHGIURPWKHILOORIWKHPRQXPHQWWRWDOLQJD01,RI
ILYHLQGLYLGXDOVIURPPRQXPHQWDOSURYHQLHQFHV7KH7HRSDQFD]FRDSDUWPHQWFRPSRXQGRQWKHRWKHU
KDQGLVUHSUHVHQWHGVROHO\E\RQHLQGLYLGXDOFRPSRVHGRQWKUHHYHUWHEUDHDQGRQHPDQGLEXODUIUDJPHQW
5RGUtJXH]*DOLFLD
Serpent symbolism in Mesoamerica 
 6HUSHQWVZHUHJUDSKLFDOO\HQJUDYHGWKURXJKRXW0HVRDPHULFDDVODUJHVWRQHDUFKLWHFWRQLFDO
VFXOSWXUHVVXFKDVWKRVHIRXQGLQWKH)HDWKHUHG6HUSHQW3\UDPLGDW7HRWLKXDFDQ7KH\ZHUHDVVRFLDWHG
ZLWKIHUWLOLW\UHELUWKDQGWUDQVIRUPDWLRQEHFDXVHWKH\ZHUHREVHUYHGVKHGGLQJWKHLUVNLQ0LOOHUDQG
7DXEH6WRQHDQG=HQGHU6OLWKHULQJDORQJWKHJURXQGWKHLUXQLTXHERG\PRYHPHQW
ZHUHFRPSDUHGWRQDWXUHOIHDWXUHVOLNHZDWHUDQGOLJKWHQLQJWKDWVLPLODUO\PHDQGHU6HOHU
7KHVHPXOWLIDFHWHGFKDUDFWHULVWLFVRIVHUSHQWVOLQNHGWKHPWRWKHVN\HDUWKDQGWKHXQGHUZRUOG*DU]D
$QRWKHUFRPSRQHQWRIWKHLUSK\VLRORJ\ZDVFORVHO\ZDWFKHGVQDNHVKDYHGHWDFKDEOHMRLQWVLQWKH
KHDGDOORZLQJWKHPWRRSHQWKHLUPRXWKVPXFKODUJHUWKDQWKHLUKHDGVWRVZDOORZWKHLUSUH\ZKROH0LOOHU

7KHUHZDVRQHUDWWOHVQDNHSUHVHQWRQVXUIDFHOHYHOVRI2]WR\RKXDOFRDSDUWPHQWFRPSRXQG9DODGH]
$SSHQGL[EXWDOOVXUIDFHOD\HUVZKHQLQGLFDWHGZHUHQRWLQFOXGHGLQWKH01,FRXQWV
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DQG7DXEH7KXVVHUSHQWVZHUHLOOXVWUDWHGDVYLVLRQVHUSHQWVZLWKMDZVZLGHRSHQIURPZKLFK
GHLWLHVDQFHVWRUVHPHUJHG0LOOHUDQG7DXEH6FKOHVLQJHU
 7KHUDWWOHVQDNHZDVDVVRFLDWHGZLWKZDWHUGXHWRWKHUDWWOLQJVRXQGVRILWVWDLODQGEHFDXVHWKH\
HPHUJHGXULQJWKHUDLQ\VHDVRQ7KHLUWUXQNVDUHPDUNHGE\WKHSUHFLRXVVWRQHVRIchalchihuitliGLUHFWO\
DOOXGLQJWRWKLVFRQQHFWLRQZLWKZDWHU%HUQDO*DUFLD7KHVHSRLVRQRXVVQDNHVZHUHFRQVLGHUHG
OLJKWHQLQJWKDWIHOOIURPWKHVN\WKDWZHUHFDUULHGE\WKHUDLQJRGV7ODORFDQG&KDF/ySH]$XVWLQDQG
/ySH]/XMiQ0LOOHUDQG7DXEH5DWWOHVQDNHVZHUHFRQVLGHUHGWKHKHDGRIDOOWKH
RWKHUVQDNHE\ERWK0D\DDQG1DKXDJURXSV,QKLJKODQG0H[LFRWKHUDWWOHVQDNHZDVFDOOHG
tecuhtlacozauhquiWKHSULQFLSOH\HOORZVHUSHQWSOD\LQJDGRPLQDQWUROH$JXLOHUD(YHQ
DPRQJWKH0D\DZKROLYHZLWKDUDQJHRIRWKHUVQDNHVWKDWDUHERWKSRLVRQRXVIHUGHODQFHDQGODUJHU
Boa constrictorWKHUDWWOHVQDNHZDVDVVRFLDWHGZLWKWKHPRXQWDLQGHLWLHVZKRPOLYHGLQWKHFDYHVDQG
FRQWUROOHGDOORWKHUVHUSHQWV$JXLOHUD0DQ\KLJKODQGGHLWLHVOLNH&RDWOtFXHVHUSHQWVNLUWDQG
PRVWIDPRXVO\4XHW]DOFRDWO)HDWKHUHGVHUSHQWLQFRUSRUDWHGWKHUDWWOHVQDNHDVSDUWRIWKHLULGHQWLW\
6HUSHQWVZHUHFDSWXUHGEHFDXVHWKHLUPHDWZDVHDWHQWKHLUVNLQXVHGDQGKDGFXUDWLYHIXQFWLRQV
$JXLOHUD7KHKXQWHUZRXOGVFUXEKLVKHUKDQGVZLWKWREDFFRDQGJRZLWKDVWLFNLQKDQG
:KHQWKH\VDZRQHWKH\ZRXOGWKURZWREDFFRWRZDUGVWKHPDLPLQJIRUWKHPRXWKFDXVLQJWKHVHUSHQWWR
IDLQW7KHUDWWOHVQDNHLVNLOOHGZLWKWKHVWLFNLWVKHDGDQGWDLOUHPRYHGZKHUHE\LWZDVUHDG\WREH
VNLQQHGDQGFRQVXPHG$JXLOHUD,IWKH\ZDQWWRFDSWXUHWKHVQDNHDOLYHWKH\ZRXOGH[WUDFWWKH
IDQJVDQGSODFHLWLQDYDVH
2WKHU)DXQD
Monkey (Ateles sp.) 
3ULPDWHGLYHUVLW\LVDOVRH[WHQVLYHLQJUHDWHU0HVRDPHULFDQZLWKVXEWURSLFDODQGWURSLFDOIRUHVWV
IURPWKHFRDVWRI7DPDXOLSDV0H[LFRH[WHQGLQJDORQJWKH*XOIRI0H[LFRWKURXJKWKHUHVWRIVRXWKHUQ
0H[LFRDQGLQWR&HQWUDO$PHULFDFRQWDLQLQJVHYHQWRQLQHVSHFLHDQGXSWRWD[D5\ODQGVHWDO
7KH$WHOHVIDPLO\KDVEHHQFDWHJRUL]HGWRWZRVSHFLHVWKH*HRIIUR\¶VVSLGHUPRQNH\Ateles geoffroyi
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DQGWKHA. fuscicepsDOWKRXJKLWLVGHEDWHGLIWKH\VKRXOGEHGLVWLQJXLVKHGLQWKLVPDQQHU5\ODQGVHWDO

 $PRQJWKHVSLGHUPRQNH\VWKHUHDUHWZRUHJLRQVZLWKGLVWLQFWVSHFLHVWKDWZRXOGKDYHEHHQ
DYDLODEOH7KH0H[LFDQVSLGHUPRQH\Ateles geoffroyi vellerosusLVGLVWULEXWHGDORQJWKHHDVWHUQFRDVWDO
WURSLFDO]RQHVGRZQVRXWKDQGH[WHQGLQJLQWRZHVWHUQKLJKODQGDQGFRDVWDOUHJLRQVRIVRXWKHUQ0H[LFR
*XDWHPDOD+RQGXUDVDQG(O6DOYDGRUHDVWHUQ6DQ/XLV3RWRVt7DEDVFR,VWKPXVRI7HKXDQWHSHFLQ
HDVWHUQ2D[FDDQGKLJKODQGVRI*XDWHPDOD5\ODQGVHWDO2QWKHRWKHUKDQGWKH<XFDWiQ
VSLGHUPRQNH\A. g. yucatanensisDUHIRXQGLQWKH<XFDWiQSHQLQVXODLQWR1(*XDWHPDODDGMRLQLQJSDUW
RI%HOL]H5\ODQGVHWDO+RZHYHUVXFKVXEVSHFLHGLVWLQFWLRQVDUHYHU\GLIILFXOWHYHQ
XWLOL]LQJSHODJHFRORUVDQGRQO\RQHVWXG\ZDVDEOHWRGLIIHUHQWLDWHEDVHGRQEUHDGWKGLPHQVLRQVRIWKH
FUDQLD-RQHVHWDODQGQRFRPSUHKHQVLYHVWXG\RQSRVWFUDQLDOHOHPHQWVKDVEHHQGRQHVRIDUWR
GLVWLQJXLVKZKLFKVSHFLHRUVXEVSHFLHZDVUHSUHVHQWHGIURPWKHEXULDOV
 $VZLWKPRVWPDPPDOVDJHRIWKHLQGLYLGXDOLQWKLVFDVHEHFDXVHRQO\SRVWFUDQLDOHOHPHQWVZHUH
LGHQWLILHGUHO\RQWKHVL]HDQGIXVLRQRIWKHHOHPHQWLQTXHVWLRQ6H[LQJRIWKHLQGLYLGXDOSDUWLFXODUO\
GHDOLQJZLWKORQJERQHHOHPHQWVIRUHOLPEDQGSRVVLEO\SDUWRIWKHIRUHDUPZLWKQHLWKHUWKHVSHFLHQRU
WKHDJHGHVLJQDWLRQLVGLIILFXOWDVPRVWGLDJQRVWLFHOHPHQWVDUHFUDQLDORUSHOYLFHOHPHQWV+RZHYHUWKH
VPDOOVL]HRIWKHHOHPHQWLQTXHVWLRQVXJJHVWHGWKDWZHZHUHGHDOLQJZLWKDQLPPDWXUHLQGLYLGXDO
5RGUtJXH]*DOLFLDKDVDOVRLGHQWLILHGDQAtelesVSERQHIURPWKH7HRSDQFD]FRDSDUWPHQW
FRPSRXQGVXJJHVWLQJWKDWWKLVIRUHLJQVSHFLHZDVWUDQVSRUWHGWRWKHDQFLHQWFLW\7KHUHLVDOVRPHQWLRQRI
DVSLGHUPRQNH\PDQGLEOHIURPWKH;DOODFRPSOH[9DODGH]$]~D,QSUHVV:KHWKHUWKHVHHOHPHQWV
UHDFKHGWKHFLW\FHQWHUDVVNHOHWDOSDUWVRUDVOLYHLQGLYLGXDOVLVXQFHUWDLQEXWLWFHUWDLQO\VXJJHVWVIDXQD
SURGXFWVPRYHGDFURVVORQJGLVWDQFHV
Rabbits/Hares (Lagomorpha) 
&RWWRQWDLOVSylvilagusVSDQGMDFNUDEELWVLepusVSZHUHVRPHRIWKHPRVWDEXQGDQWVSHFLHV
IRXQGIURPGRPHVWLFFRQWH[WV,QWHUHVWLQJO\WKH\ZHUHDOVRIRXQGLQWKHVWRPDFKRIWKHVDFULILFHG
LQGLYLGXDOVDQGZHUHSUREDEO\WKHSUHIHUUHGIRRGVRXUFHWRIHHGWKHVHYLFWLPV$VRQO\WZRRIWKH
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VWRPDFKFRQWHQWVZHUHLGHQWLILHGDVDKDUHDQGWKHPDMRULW\UHSUHVHQWHGFRWWRQWDLOV,FRQFHQWUDWHRQWKH
FRWWRQWDLO¶VELRORJLFDODQG]RRDUFKDHRORJLFDOEDFNJURXQG
:KDWGLVWLQJXLVKHVFRWWRQWDLOVIURPMDFNUDEELWVLVWKDWWKHIRUPHULVVPDOOHUZLWKVKRUWHUOHJVDQG
HDUVOLYHVLQEXUURZVLQKDELWVOHVVDULGHQYLURQPHQWVDQGWKHLU\RXQJDUHERUQQDNHGZLWKH\HVVWLOO
FORVHG/HRSROG7KHLUEXUURZLQJWHQGHQFLHVPDNHWKLVVSHFLHPXFKPRUHVXVFHSWLEOHWR
PDQDJHPHQWVWUDWHJLHVDVMDFNUDEELWVWHQGWRQHHGODUJHRSHQKDELWDWV
6SHFLHVIRXQGORFDOO\LQWKH0H[LFDQ%DVLQLQFOXGHWKH(DVWHUQFRWWRQWDLOS. floridanusWKH
$XGXERQFRWWRQWDLOS. auduboniiWKH0H[LFDQFRWWRQWDLOS. cuniculariusDQGUHODWHGVSHFLHWKH
YROFDQRUDEELWRomerolagus diazi/HRSROG$VQRYROFDQRUDEELWVZHUHGLVFRYHUHGIURPEXULDO
GHSRVLWV,IRFXVRQWKHSylvilagusVSHFLHV6L]HUDQJHVEHWZHHQPPS. auduboniiWRDVODUJHDV
PPS. cuniculariusZHLJKLQJEHWZHHQJ/HRSROG7DEOH9DULDWLRQVLQWKH
HFRORJLFDOKDELWDWVUDQJHIURPWKRVHWKDWSUHIHUPRUHDULGRSHQGHVHUWVDQGJUDVVODQGVS. auduboniiWR
SLQHRDNIRUHVWVS. floridanusDQGWKRVHWKDWLQKDELWWKHVHPLDULGWKRUQIRUHVWDQGWURSLFDOGHFLGXRXV
IRUHVWS. cunicularius
$VIDWW\GHIHQVHOHVVJDPHWKHFRWWRQWDLOVKDYHDKLJKHUPRUWDOLW\UDWHWKDQMDFNUDEELWVDV
PXOWLSOHSUH\VSHFLHVSUHIHUWKLVDQLPDO7KLVLVPDWFKHGE\WKHHTXDOO\KLJKUHSURGXFWLYHUDWHZLWK
JHVWDWLRQSHULRGVRQO\ODVWLQJDPRQWKWKDWSURGXFHIRXUWRVL[\RXQJDQGFDQJHQHUDWHIRXUWRILYHOLWWHUV
D\HDUZLWKRSWLPDOIRRGDYDLODELOLW\/HRSROG7KLVFKDUDFWHULVWLFPD\EHZK\WKH\DUH
UHVLOLHQWGHVSLWHWKHKLJKKXQWLQJUDWHV
 6SHFLHVGLVWLQFWLRQVDUHRIWHQEDVHGRQVL]HDOWKRXJKS. cuniculariusFDQUHDFKWKDWRIDVPDOO
MDFNUDEELW/HRSROG9HU\GHWDLOHGSKRWRJUDSKLFFROOHFWLRQRIFRWWRQWDLOVDQGMDFNUDEELWVZHUH
SURYLGHGE\)DELROD7RUUHVWKDWDLGHGPDQ\RIWKHVSHFLHVOHYHOGHVLJQDWLRQVLQWKHSUHVHQWVWXG\$JLQJ
LQGLYLGXDOVZLWKSDUWLDOO\HUXSWHGFKHHNWHHWKFDQEHGHWHUPLQHGWREH\RXQJHUWKDQGD\VROG
+RIIPHLVWHUDQG=LPPHUPDQ%XWRQFHIXOOGHQWLWLRQLVDWWDLQHGDWDERXWRQHPRQWKRIDJH
FRQYHQWLRQDOWRRWKHUXSWLRQDQGZHDUSDWWHUQVFDQQRWEHDSSOLHGDVDQDJHLQGLFDWRUEHFDXVHWKH\KDYH
FRQWLQXRXVJURZLQJWHHWK7KXVDJHGHVLJQDWLRQVZHUHEDVHGRQWKHSUHVHQFHDEVHQFHRIERQHIXVLRQDQG
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VL]HRIWKHERQHV3DUWLFXODUO\IXVLRQRIWKHKXPHUXVLVNQRZQWRRFFXUURXJKO\DURXQGQLQHPRQWKVRI
DJH+DOH6NXOOFORVXUHDQGVL]HSDUWLFXODUO\WKHFORVXUHRIWKHH[RFFLSLWDOVXSUDRFFLSLWDOVXWXUH
DUHXVHIXOLQGLFDWRUVRIDJHFODVVHVDVGHVFULEHGE\+RIIPHLVWHUDQG=LPPHUPDQ%HWZHHQ
PRQWKVDQGPRQWKVUDEELWVUHDFKFRPSOHWHDGXOWVL]H+RIIPHLVWHUDQG=LPPHUPDQ
%UHHGLQJVHDVRQRIFRWWRQWDLOVYDULHGVLJQLILFDQWO\E\VSHFLHVUHJLRQDQGSDUWLFXODUO\LVDUJXHGWR
EHDIIHFWHGE\UDLQIDOO0RVVPDQ:KLOH,QJOHVIRXQGUDEELWVWRUHSURGXFH\HDUURXQG
6RZOV¶VVWXG\GHPRQVWUDWHGWKHSylvilagus audubonii arizonae EUHHGIURPEHJLQQLQJRI-DQXDU\WR
WKHHQGRIODWH$XJXVW,WLVUHSRUWHGWKDWWKH\FDQKDYHPXOWLSOHOLWWHUVD\HDUZLWKRQHWRILYHHPEU\RSHU
OLWWHU,QJOHV$VWKHFRQGLWLRQVDQGWKHUHSURGXFWLYHF\FOHVRIWKHUDEELWVIURPWKHKLJKODQG
0H[LFDQEDVLQDUHXQNQRZQWRXVWKHLUEUHHGLQJF\FOHVFDQQRWEHXWLOL]HGWRHVWLPDWHWKHWLPLQJRIWKH
GHGLFDWRU\EXULDO
$VPHQWLRQHGDERYHUDEELWDQGKDUHVZHUHIRXQGDEXQGDQWO\LQQRQUHOLJLRXVFRQWH[WVZLWK
DQGRIWKHIDXQDO01,UHSUHVHQWHGE\KDUHVIRUPHURUUDEELWVODWWHU$SSHQGL[$7KLVZDV
SUREDEO\EHFDXVHLQDQXUEDQVHWWOHPHQWZLWKRQO\WZRGRPHVWLFVSHFLHVDYDLODEOHWKHGRJDQGWKHWXUNH\
WKHVHVPDOOJDPHZHUHSUREDEO\DQRSWLPDOUHVRXUFHWKDWZDVERWKORFDOO\DYDLODEOHDQGHDV\WRNHHSLQ
VPDOOQXPEHUVDWWKHKRXVHKROGOHYHO6RPHUYLOOHHWDO6XJL\DPDHWDO)63H[FDYDWLRQV
KDYHUHSRUWHGWKHSUHVHQFHRIERWKMDFNUDEELWVWZRLepus callotisDQGFRWWRQWDLOVRIGLIIHUHQWVSHFLHV
8QIRUWXQDWHO\PDQ\RIWKHVHILQGVZHUHIURPILOOOD\HUVVXJJHVWLQJWKHUHZDVQROLQNWRUHOLJLRXV
IXQFWLRQVRIWKHEXULDOVDQGVHYHUDORIWKHPZHUHIRXQGVXUURXQGLQJRULQWKHVDPHOD\HUDVRWKHUEXULDOV
RURIIHUWRU\UHPDLQV6WLOOLWLVXQFHUWDLQLIDQ\RIWKHVHUHSUHVHQWGHGLFDWRU\VXEMHFWVRUZHUHMXVWSDUWRI
WKHILOORIWKHEXULDO1RQHKDYHDQ\PHQWLRQRIEHLQJIRXQGDVVWRPDFKFRQWHQWVDVZDVLGHQWLILHGDWWKH
SUHVHQWVWXG\ 
0HWKRGRORJLFDO2YHUYLHZ
7KH]RRDUFKDHRORJLFDOPHWKRGRORJ\GHVFULEHGDERYHZDVXVHGWRFKDUDFWHUL]HWKHUHPDLQVRI
RYHUDQLPDOVIURPWKH0RRQ3\UDPLGDQG6XQ3\UDPLGDVVHPEODJHVDOORIZKLFKKDYHVHFXUH
FKURQRORJLFDODQGFRQWH[WXDOLQIRUPDWLRQWKDWSURYLGHWKHEDVLVIRUDQLQGHSWKUHFRQVWUXFWLRQRIWKH
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ULWXDOL]HGDFWV([TXLVLWHGHWDLODVWRKRZWKHDQLPDOLQWHUDFWHGZLWKWKH7HRWLKXDFDQSRSXODFHZKLOHWKH\
ZHUHDOLYHVSHFLILFLQMXULHVRUGLVHDVHVWKHDQLPDOVKDGKRZWKHDQLPDOVZHUHKDQGOHGDQGSUHSDUHGLQWR
ULWXDOSDUDSKHUQDOLDZKDWWKHDQLPDOVFRQVXPHGSULRUWRWKHLUVDFULILFHDQGVSHFLILFVDVWRKRZWKH
LQGLYLGXDOVZHUHEXULHGKDVEHHQJDWKHUHGIRUWKLVFROOHFWLRQ6XFKDQDO\VLVDOORZVIRULQWHUSUHWDWLRQDW
YDULRXVOHYHOVIURPUHFUHDWLQJDQLPDOELRJUDSKLHVWRH[DPLQLQJRYHUDOOFKURQRORJLFDOSDWWHUQVRUHYHQ
LQWHUVSHFLHVGLIIHUHQFHV2IFRXUVHWKLVULFK]RRDUFKDHRORJLFDOGDWDVHWPXVWEHFRQWH[WXDOL]HGZLWKLQWKH
EURDGHUXQGHUVWDQGLQJRIWKHHFRORJLFDODQGEHKDYLRUDOWUDLWVRIWKHDQLPDOWKDWJRYHUQKRZKXPDQV
LQWHUDFWHGZLWKWKHDQLPDODQGKRZSHUFHSWLRQVRIWKHVHIDXQDZHUHIRUPXODWHG9LHZLQJWKH
]RRDUFKDHRORJLFDOHYLGHQFHDWKDQGWKHUHLVDOUHDG\DQDSSDUHQWVHSDUDWLRQEHWZHHQDQLPDOVIRXQGLQ
GRPHVWLFFRQWH[WVDQGWKRVHUHVHUYHGIRUVSHFLDOULWXDOL]HGFRQWH[WV1RZ,SUHVHQWWKHUDZ
]RRDUFKDHRORJLFDOGDWDVHWLQWKHVXEVHTXHQWWZRFKDSWHUV


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&+$37(5
3ULPDU\%XULDOV9LFWLPVRI6DFULILFH
7KHUDZGDWDVHWRIWKHGLVVHUWDWLRQSURMHFWDUHSUHVHQWHGLQVHYHUDOFKDSWHUV7KHSUHVHQWFKDSWHU
IRFXVHVRQFRPSOHWHLQGLYLGXDOVKLJKOLJKWLQJVRPHRIWKHGHWDLOHG]RRDUFKDHRORJLFDOVLJQDWXUHVXVHGWR
UHFRQVWUXFWLQGLYLGXDOOLIHKLVWRULHV)RUHDFKVSHFLHVWKHLUDEXQGDQFHGLVWULEXWLRQDJHDQGVH[SURILOHV
DQGVLJQLILFDQWVXUIDFHPRGLILFDWLRQVDUHLQYHVWLJDWHGWRUHFUHDWHZKDWDWWULEXWHVZHUHVHOHFWHGIRULQWKH
ULWXDONLOOLQJ6XEVHTXHQWO\&KDSWHUSUHVHQWVSUHSDUHGIDXQDODUWLIDFWV,WLVDIWHUFRPSOHWLQJDQ
RYHUYLHZRIWKHLVRWRSLFGDWDVHW&KDSWHUWKDWWKHRYHUDOOSDWWHUQVʊLQFOXGLQJWKHVSHFLHV
UHSUHVHQWDWLRQVSDWLDOGLVWULEXWLRQDQGVHDVRQDOLW\ʊDUHGLVFXVVHGIRUHDFKRIWKHRIIHULQJFRQWH[WVLQ
&KDSWHU7KHQDKROLVWLFUHFRQVWUXFWLRQRIWKHULWXDOL]DWLRQSURFHVVLVGLVFXVVHG
7KLVFKDSWHUEHJLQVZLWKDGHWDLOHGDFFRXQWRIHDFKVSHFLHVSDUWLFXODUO\KLJKOLJKWLQJWKH
]RRDUFKDHRORJLFDOGDWDRIFRPSOHWHDQLPDODFWRUV7KLVGHWDLOHGDQDO\VLVEULQJVWKHDQLPDO¶VERGLO\
UHPDLQVWRWKHIRUHIURQWWRWHOOWKHWDOHRIKRZWKH\ZRXOGKDYHEHHQFDSWXUHGPDQDJHGDQGLQWHUDFWHG
ZLWKWKH7HRWLKXDFDQSRSXODWLRQEHIRUHEHLQJGHSRVLWHGLQWRWKHGHGLFDWRU\FKDPEHU6SHFLILFVRQ
LQIHFWLRXVGLVHDVHDQGLQMXULHVWKDWVLJQLI\WKHLUFDSWLYHVWDWHLVFHQWUDOWRWKLVGLDORJXHDVZHOODVWKH
DQDO\VLVRILWVVWRPDFKFRQWHQWVWKDWKHOSDVVHVVWKHLUGLHWGXULQJFRQILQHPHQW6SHFLILFDWWULEXWHVWKDWKHOS
UHFRQVWUXFWLIWKHDQLPDOZDVEXULHGDOLYHGXULQJWKHGHGLFDWLRQFHUHPRQ\DUHDOVRGLVFXVVHG$JHDQGVH[
SURILOHVWKDWKHOSXQGHUVWDQGWKHVHOHFWLRQSURFHVVDQGWKHWLPLQJRIVXFKHYHQWVDUHDOVRH[DPLQHG
)HOLGV
)HOLGVSDUWLFXODUO\SXPDVZHUHIRXQGLQDOORIIHUWRU\FRQWH[WVLQERWKWKH0RRQ3\UDPLGDQG
6XQ3\UDPLG$SSHQGL['7KH\DUHDOVRWKHPRVWDEXQGDQWIDPLO\IHOLGDHWREHLGHQWLILHGWRWDOLQJ
PLQLPXPQXPEHURILQGLYLGXDOV01,7DEOH(QWLHUURFRQWDLQHGWKHPRVWDEXQGDQWHYLGHQFHIRU
FRPSOHWHLQGLYLGXDOVQ $VIDUDVIHOLGDUWLIDFWV(QWLHUURFRQWDLQHGWKHKLJKHVW01,FRXQWVQ 
PRVWO\UHVXOWLQJIURPWKHFRPSRVLWHDUWLIDFWVWKDWFDXVHGHOHYDWHG01,FDOFXODWLRQV%HIRUHGLVFXVVLQJ
GHWDLOVRQWKHGLVWULEXWLRQDQGFKDUDFWHULVWLFVRIIHOLGVDQRWHRQ01,FDOFXODWLRQVLVLQRUGHU

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0RVWRIWKHVHIHOLGVNXOOVZHUHH[FDYDWHGLQJURXSLQJVRIHLWKHUWKHHQWLUHVNHOHWRQWKHVNXOOZLWK
RUZLWKRXWWKHDVVRFLDWHGFODZVSKDODQJHVRUDVLVRODWHGERQHVOLNHWKHFODZSKDODQJHWHHWKRUERQ\
IUDJPHQWVWKDWZHUHDVVLJQHGDQ(OHPHQWRQXPEHU7KLVPDGH01,FDOFXODWLRQVH[WUHPHO\GLIILFXOW
SDUWLFXODUO\LQFDVHVVXFKDV(QWLHUURWKDWLQFOXGHGFRPSRVLWHDUWLIDFWVPXOWLSOHWHHWKRIYDULRXV
LQGLYLGXDOVZHUHGHSRVLWHGWRJHWKHU&RPSRXQGHGZLWKWKHYHU\EDGO\SUHVHUYHGVNHOHWDOHOHPHQWVWKDW
GLGQRWSHUPLWUHFRQVWUXFWLQJLWVRULJLQDOIRUPPDQ\WLPHVWKHRYHUODSRIWHHWKZDVWKHRQO\PHDQVRI
GLVWLQJXLVKLQJEHWZHHQLQGLYLGXDOV7KXVWKHRYHUODSDQDO\VHVRIFUDQLDOIUDJPHQWVZHUHFULWLFDOWR
FDOFXODWHILQDO01,FRXQWV2QFH01,FDOFXODWLRQVZHUHPDGH,SULRULWL]HG(OHPHQWQXPEHUVZLWK
FUDQLDODQGGHQWDOIUDJPHQWVZLWKVSHFLHVOHYHOGHVLJQDWLRQWRGHWHUPLQHDJHDQGVH[GLVWULEXWLRQV0DQ\
WLPHVLWZDVREYLRXVWKDWLVRODWHGVSHFLPHQVZHUHSUREDEO\SDUWRIDQHDUE\(OHPHQWQXPEHUGXHWRHLWKHU
WKHVSDWLDOSODFHPHQWRUWKHLUVNHOHWDOGLVWULEXWLRQ6XFKVSHFLPHQVZHUHQRWFRXQWHGLQWKHDJHDQGVH[
GHVLJQDWLRQWDEOHVWRDYRLGUHFRXQWLQJWKHVDPHLQGLYLGXDOWZLFH
8QOLNHWKH]RRDUFKDHRORJLFDOUHPDLQVRIHDJOHVWKHUHZDVDFOHDUGLVWLQFWLRQEHWZHHQIHOLGVWKDW
ZHUHFRPSOHWHDQGREYLRXVO\LQWHUUHGDVVDFULILFHGSULPDU\GHSRVLWVDQGWKRVHWKDWZHUHSUHSDUHGFUDQLDO
KHDGV7KHRQO\H[FHSWLRQLV(OHPHQWRIURP(QWLHUURZKLFKZDVFRPSRVHGRIYDULRXVORQJERQH
DQGRWKHUSRVWFUDQLDOIUDJPHQWVEXWZHUHPLVVLQJWKHFUDQLXPDQGPDQGLEOH0RVWOLNHO\RQHRIWKH
FUDQLDOKHDGVIRXQGQHDUE\ZDVZURQJIXOO\DVVLJQHGDVHSDUDWH(OHPHQWRQXPEHUDVWKHILHOGGUDZLQJV
FOHDUO\GHPDUN(OHPHQWRDVDFRPSOHWHLQGLYLGXDODQGWKXVKDVEHHQDQDO\]HGDVVXFK
&RPSOHWHSULPDU\IHOLGGHSRVLWVZHUHPXFKOHVVDEXQGDQWWKDQDQLPDOSDUDSKHUQDOLDDQGDUHQRW
IRXQGLQDOOFRQWH[WV&RPSOHWHDQLPDOVZHUHRQO\IRXQGLQ(QWLHUURVDQG+RZHYHUDOORIIHULQJV
LQFOXGHGIHOLGFUDQLDOHOHPHQWVDVRIIHUWRU\DUWLIDFWV$WRWDORIVHYHQIHOLGVZHUHIRXQGDVFRPSOHWH
LQGLYLGXDOVWZRIURP(QWLHUURIRXUIURP(QWLHUURDQGRQHIURP(QWLHUUR
7KHDJHGLVWULEXWLRQRIIHOLGVIRXQGFRPSOHWHYHUVXVWKRVHGHSRVLWHGDVSUHSDUHGDUWLIDFWVGLIIHU
VLJQLILFDQWO\$PRQJFRPSOHWHLQGLYLGXDOVWKHUHZDVDFOHDUSUHIHUHQFHIRUVSHFLILFDJHFDWHJRULHVDV
RQO\MXYHQLOHVDQG\RXQJDGXOWVZHUHGHSRVLWHGFRPSOHWH7DEOH)LJXUH2QWKHRWKHUKDQGWKHUH
LVPXFKPRUHYDULDWLRQDPRQJWKHDJHUDQJHVIRXQGZLWKSUHSDUHGDUWLIDFWV7KLVSUHIHUHQFHZDVSUREDEO\
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7DEOH$JHGLVWULEXWLRQRIIHOLGVIURPHDFKGHGLFDWRU\FKDPEHU
6HQLRU $GXOW <RXQJ$GXOW -XYHQLOH ,QIDQW 8Q,' 7RWDO
Burial 2
&RPSOHWH       
+HDG       
Burial 6
&RPSOHWH       
+HDG       
Burial 3
+HDG       
Burial 5
&RPSOHWH       
+HDG       
PPS-OF2
+HDG       
Total 2 12 13 9 8 1 44 
WKHUHVXOWRIPXOWLSOHIDFWRUVLQFOXGLQJWKHV\PEROLFPHDQLQJRIWKHDQLPDOWKHGLIILFXOWLHVLQYROYHGLQ
WUDQVSRUWDWLRQRIOLYHDQLPDOVZKHQWKHVDFULILFHVWRRNSODFHDQGKRZWKHDQLPDOVZHUHFDSWXUHGDQGRU
PDLQWDLQHG3UHSDUHGIHOLGKHDGVKDYHIHZHUUHVWULFWLRQVDVWKH\FDQEHDFTXLUHGDWYDULRXVPRPHQWVEH
SUHSDUHGRYHUDORQJWLPHDWGLIIHUHQWVWDJHVDQGORFDWLRQVDQGEURXJKWWRJHWKHUZLWKYDULHGGHSRVLWLRQDO
KLVWRULHV
7KHRYHUDOODEXQGDQFHRIMXYHQLOHDQG\RXQJDGXOWVDPRQJWKHFRPSOHWHLQGLYLGXDOVSDUWLFXODUO\
\RXQJDGXOWVUDQJLQJEHWZHHQD\HDUDQGDKDOIWRWZR\HDUVRIDJHVXJJHVWVWKHVHDQLPDOVZHUHHLWKHU
SUHIHUHQWLDOO\VHOHFWHGGXULQJWKLVDJHUDQJHRURWKHUH[WHUQDOIDFWRUVFDXVHGWKHREVHUYHGXQLIRUP
GLVWULEXWLRQ%\WKLVDJHIHOLGVWUDQVLWLRQLQWRDGXOWKRRGQHDUO\EHFRPLQJLQGHSHQGHQWIURPWKHPRWKHU
+RZHYHUWKH\ZRXOGQRWKDYHUHDFKHGVH[XDOPDWXULW\7KHLUSHODJHZRXOGPRUHUHDGLO\UHVHPEOHDQ
DGXOWSDUWLFXODUO\IRUWKHSXPDZKRVHFXEVH[KLELWGDUNVSRWVRQLWVFRDWWKDWVKRXOGKDYHFRPSOHWHO\
IDGHGE\WKLVSRLQW7KLVLVDOVRZKHQIHOLGVWUDQVLWLRQLQWRVROLWDU\DQLPDOVDWZKLFKSRLQWWKH\GHYHORS
H[SDQVLYHWHUULWRULDOKRPHUDQJHV,QGHHGRQFHWKH\UHDFKWKLVVWDJHZLWKWKHDGGLWLRQDOVWUHQJWKDQGVL]H
WKH\ZRXOGKDYHEHHQKLJKO\GDQJHURXVWRUDLVHDQGWDPH6LQFH\RXQJDGXOWVZHUHIRXQGLQPXOWLSOH
FRQWH[WVVSDQQLQJGLIIHUHQWSHULRGVWKLVXQLIRUPDJHVHOHFWLRQVXJJHVWVIHOLGVZHUHFDSWXUHGRQPXOWLSOH
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
)LJXUH$JHGLVWULEXWLRQSHUFHQWRIIHOLGVIRUDOORIIHULQJV


)LJXUH$JHGLVWULEXWLRQSHUFHQWRIVHFRQGDU\GHSRVLWVIRUHDFKGHGLFDWRU\FDFKH

123
RFFDVLRQVLQDVLPLODUWLPLQJLQDQWLFLSDWLRQWRWKHULWXDOHYHQW7KH\ZHUHREYLRXVO\IDYRULQJWKLVDJH
FODVVZKHQWKH\ZRXOGKDYHORRNHGFORVHWRDGXOWLQSHODJHDQGVL]HEXWZRXOGKDYHVWLOOEHHQDEOHWR
FRSHZLWKWKHSUHVHQFHRIRWKHUIHOLGV
7KHUHDUHVHYHUDOWUHQGVLQWKHDJHGLVWULEXWLRQRIVHFRQGDU\GHSRVLWV)LJXUH7KHWZR
(QWLHUURVDVVRFLDWHGZLWK%XLOGLQJ(QWLHUURVDQGDUHVLPLODULQWKHLURYHUDOOSUHGRPLQDQFHRILQIDQW
DQGMXYHQLOHKHDGVZLWKRQO\RQH\RXQJDGXOWVNXOOIRXQGLQ(QWLHUUR/DWHUGHSRVLWV(QWLHUURVDQG
RQWKHRWKHUKDQGWHQGHGWRIDYRUPRUHPDWXUHLQGLYLGXDOVWKH\DUHSUHGRPLQDQWO\FRPSRVHGRIDGXOWV
ZKLOH\RXQJDGXOWDQGVHQLRULQGLYLGXDOVDUHDOVRIRXQGIUHTXHQWO\-XYHQLOHVZHUHRQO\PLQLPDOO\
UHSUHVHQWHGLQERWKFDVHVDQGQRLQIDQWVZHUHLGHQWLILHG7KHVROHIHOLGH[FDYDWHGLQWKH6XQ3\UDPLGZDV
RID\RXQJDGXOW%HFDXVHLWZDVWKHRQO\VSHFLPHQIURPWKLVFRQWH[WLWFDQQRWEHGHWHUPLQHGLIWKLVILQG
FRQWUDGLFWVWKHWUHQGVIRXQGLQ(QWLHUURVDQGDWWKH0RRQ3\UDPLGWKDWURXJKO\RYHUODS
FKURQRORJLFDOO\ZKLFKHPSKDVL]HGLQIDQWDQGMXYHQLOHSUHSDUHGKHDGV1RQHWKHOHVVWKHUHZDVDFOHDU
VKLIWDFURVVWLPHDWWKH0RRQ3\UDPLGIURPIDYRULQJ\RXQJHUSUHSDUHGIHOLGVWRXWLOL]LQJROGHUFUDQLD
:KLOHWKLVLVGLVFXVVHGLQPRUHGHWDLOLQWKHVXEVHTXHQWFKDSWHUKHUH,PHUHO\PHQWLRQWKDWWKLVZDV
SUREDEO\FDXVHGE\GLIIHULQJSUHSDUDWLRQWHFKQLTXHVPDQ\RIWKH\RXQJFUDQLDIRXQGLQ(QWLHUURVDQG
PDLQWDLQHGWKHRULJLQDOIRUPRIWKHFRPSOHWHVNXOOZKLOHODWHUGHSRVLWVSDUWLFXODUO\LQ(QWLHUURZHUH
H[WHQVLYHO\DOWHUHG
2QO\WKUHHPDOHVRQHSRVVLEOHPDOHWKUHHIHPDOHVDQGRQHSRVVLEOHIHPDOHZHUHLGHQWLILHGIURP
WKHHQWLUHFROOHFWLRQ7DEOH8QIRUWXQDWHO\WKHQXPEHURIVH[HGDQLPDOVLVWRRVPDOOWRH[DPLQHVXFK
JHQHUDOSDWWHUQV1RZ,GLVFXVVGHWDLOVRIWKH]RRDUFKDHRORJLFDOLQYHVWLJDWLRQRIIHOLGVIURPHDFKRIWKH
RIIHUWRU\FRQWH[WV
Moon Pyramid: Entierro 2
7KLVRIIHULQJFRQWDLQHGVRPHRIWKHPRVWFRQYLQFLQJHYLGHQFHWKDWFRPSOHWHIHOLGVZHUHLQWHUUHG
DOLYH7DEOH8QOLNHWKHGHFDSLWDWHGKXPDQVNHOHWDOUHPDLQVIURP(QWLHUURWKHFDXVHRIGHDWKZDV
QRWIURPRWKHUZRXQGVLQIOLFWHGRQWKHDQLPDOEXWIURPWKHGHSRVLWLRQDOSURFHVV7ZRIHOLGVZHUHIRXQG
RQWKHQRUWKHUQVHFWRURIWKHFDFKHVWDFNHGRQWRSRIHDFKRWKHULQZRRGHQFDJHV7KHGHJUDGHGZRRGHQ
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SRVWKROHVFOHDUO\GHOLQHDWHGWKHFDJHVWKDWZHUHURXJKO\PWRòPORQJFPZLGHDQGFPKLJK
)LJXUH7KHSUHVHQFHRIFDJHVGHPRQVWUDWHVWKHEHDVWVZHUHEURXJKWLQWRWKHRIIHUWRU\HQYLURQPHQW
DOLYH7KHWKLUGFDJHLQWKLVFRQWH[WFRQWDLQHGDZROIRQWKHVRXWKHUQVHFWRU
7KHSXPDDVVLJQHGDV(OHPHQWRZDVDFRPSOHWHZHOOSUHVHUYHGLQGLYLGXDODOWKRXJKWKH
FUDQLXPH[KLELWHGVRPHGHJUHHRIIUDJPHQWDWLRQ7KHHQWLUHVNHOHWRQZDVUHFRQVWUXFWHGZLWKRXWGLIILFXOW\
)LJXUH7KLVLQGLYLGXDOZDVDSUREDEOHIHPDOHSXPDDVVLJQHGDVD\RXQJDGXOW7KLVGHVLJQDWLRQZDV
EDVHGRQWKHSUHVHQFHRIDIXOOVHWRISHUPDQHQWGHQWLWLRQZLWKKDUGO\DQ\ZHDULQJPDNLQJWKLVLQGLYLGXDO
ROGHUWKDQRQH\HDURIDJHEXWLWVORQJERQHVVNXOODQGRWKHUIXVLRQSODWHVUHPDLQHGXQIXVHG7KLV
VXJJHVWVWKLVIHOLGZDVD\RXQJDGXOWEHWZHHQRQHDQGDKDOIWRWZR\HDUVRIDJH
(OHPHQWRWKHVHFRQGFRPSOHWHDQGZHOOSUHVHUYHGSXPDZDVSRVLWLRQHGRQWRSRIWKHIRUPHU
/LNHWKHRWKHUSXPDLWZDVDVVLJQHGDVD\RXQJDGXOWUDQJLQJIURPRQHDQGDKDOIWRWZR\HDUVRIDJHGXH
WRWKHVDPHGHQWDODQGRVVHRXVIHDWXUHV)XUWKHUPRUHWKHWHPSRUDOULGJHZDVVWLOOPRYLQJLWVZD\
PHGLDOO\WRZDUGWKHVDJLWWDOFUHVWVXJJHVWLQJLWZDVQRWDPDWXUHDGXOW'XHWRWKHYHU\SURQRXQFHG
PXVFXODWXUHSDUWLFXODUO\DORQJWKHWHPSRUDOULGJHDQGVDJLWWDOFUHVWWKLVLQGLYLGXDOZDVDVVLJQHGDVD
PDOH7KLVFDJHGLQGLYLGXDOKDGH[FUHWHGOHDYLQJFRSUROLWHVLQWKHFDJHDJDLQFRQILUPLQJWKLVDQLPDOZDV
DOLYHDWWKHWLPHRIGHSRVLWLRQ,QWHUHVWLQJO\VRPHQRQIHOLGUHPDLQVZHUHPL[HGLQWKHFRSUROLWHVDQGWKH
ULEFDJHWKDWUHSUHVHQWVLWVVWRPDFKFRQWHQWV7KH\LQFOXGHGLVRODWHGERQHVRIVPDOOPDPPDODQGRUDYLDQ
PDWHULDOVLQFOXGLQJDYHUWHEUDPHWDSRGLDOIUDJPHQWSKDODQJHWHHWKDQGFODZRID/HSRULGSRVVLEO\D
SylvilagusVS7KLVGDWDGHPRQVWUDWHVWZRWKLQJVILUVWWKDWWKHDQLPDOZDVIHGVRPHWLPHSULRUWRLWV
VDFULILFHPRVWSUREDEO\DVSDUWRIWKHULWXDOL]DWLRQSURFHVV7KLVLVLQIHUUHGE\WKHXQLIRUPLW\LQWKH
VWRPDFKFRQWHQWV6HFRQGO\WKHSUHVHQFHRIWKHVHFRSUROLWHVFRQILUPVWKDWQRWRQO\ZDVWKHDQLPDO
EURXJKWLQDOLYHWRWKHULWXDOVFHQHLWUHPDLQHGDOLYHIRUVRPHWLPHEHIRUHLWZDVEXULHG7KHODFNRIDQ\
SDWKRORJLFDOIHDWXUHVLQGLFDWLQJWKHFDXVHRIGHDWKVWUHQJWKHQVWKHDUJXPHQWWKHVHEHDVWVZHUHEXULHGDOLYH
%HVLGHVWKHVHWZRFRPSOHWHDQLPDOVVDFULILFHGLQ(QWLHUURIRXUVNXOOVVRPHZLWKDVVRFLDWHG
SKDODQJHVFODZVDQGVHYHUDOLVRODWHGERQHDQGFODZSKDODQJHFRQFHQWUDWLRQVZHUHH[FDYDWHG7DEOH
7KHLVRODWHGVSHFLPHQVDQGFODZVSKDODQJHVZHUHSUREDEO\MXVWGHDVVRFLDWHGIURPWKHRULJLQDOVNXOORU
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
)LJXUH9HUWLFDOSRVWKROHVRIWKHWZRZRRGHQFDJHVWKDWFRQWDLQHGWKHUHPDLQVRIWKHWZRSXPDV
(OHPHQWRDQG(OHPHQWRIURP(QWLHUUR3KRWRJUDSK0RRQ3\UDPLG3URMHFW

D E 
)LJXUH3XPD(OHPHQWRIURP(QWLHUURDin situGXULQJH[FDYDWLRQVSKRWRJUDSK
0RRQ3\UDPLG3URMHFWDQGEDIWHUUHVWRUDWLRQDQG]RRDUFKDHRORJLFDODQDO\VLV
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FRPSOHWHLQGLYLGXDODQGWKXVZHUHQRWFDOFXODWHGDVDQDGGLWLRQDOLQGLYLGXDOLQ01,FRXQWV,QWRWDODQ
01,RIVL[IHOLGVZHUHUHSUHVHQWHGLQ(QWLHUUR7KHDJHGLVWULEXWLRQRIWKHVNXOOVUDQJHGIURPLQIDQWVWR
MXYHQLOHV7DEOHVXJJHVWLQJWKDWWKHUHZDVDSUHIHUHQFHIRU\RXQJHUVSHFLPHQVDQGDYRLGHGWKHXVH
RIDGXOWDQGVHQLRUVNXOOV$VPDQ\RIWKHVHFUDQLDOIUDJPHQWVZHUHHLWKHUKLJKO\IUDJPHQWHGRUYHU\
\RXQJWKHVH[RIWKHDQLPDOZDVQRWGLVFHUQLEOH
Moon Pyramid: Entierro 6 
(QWLHUURKDGWKHPRVWQXPEHURIFRPSOHWHIHOLGVLQDQ\VLQJOHFRQWH[WIURP7HRWLKXDFDQ7DEOH
,WDOVRSURYLGHGWKHILUVWHYLGHQFHRIDFRPSOHWHMDJXDUVNHOHWRQIRXQGDWWKLVVLWH+RZHYHUWKH
LGHQWLILFDWLRQRIPDQ\RIWKHMDJXDUVDUHSHQGLQJYHULILFDWLRQXWLOL]LQJDFRPSDUDWLYHFROOHFWLRQRI\RXQJ
MDJXDUVNHOHWRQVDSSO\LQJPRUHULJRURXVPRUSKRPHWULFPHWKRGRORJ\1RVWDWLVWLFDODQDO\VLVRIWKHPHWULF
GDWDKDVEHHQFRPSOHWHGDWWKLVSRLQWDQG\RXQJVNXOOVZHUHODFNLQJIURPWKHFRPSDUDWLYHFROOHFWLRQDW
WLPHRILGHQWLILFDWLRQ([DPLQLQJWKHDJHGLVWULEXWLRQWKHUHLVDQDSSDUHQWIDYRULWLVPWRZDUGVLQGLYLGXDOV
WKDWZHUHHLWKHULQIDQWVRUMXYHQLOHVDQGRQO\DFRXSOHRI\RXQJDGXOWLQGLYLGXDOV
6HYHUDORIWKHIHOLGVH[KLELWHGYDULRXVVXUIDFHPRGLILFDWLRQVDQGRWKHUIHDWXUHVWKDWSHUPLWWHGDQLQGHSWK
UHFRQVWUXFWLRQRIWKHDQLPDO
VOLIHKLVWRU\7KLVLQFOXGHGLQGLFDWLRQVRIVWUHVVGLVHDVHKHDOWKDQGQXWULWLRQ
WKDWDOOVXJJHVWWKHDQLPDOZDVNHSWLQDQDUWLILFLDOHQYLURQPHQWIRUSURORQJHGSHULRGV
 (OHPHQWRSURYLGHVWKHPRVWFRQYLQFLQJHYLGHQFHWKDWSXPDVZHUHNHSWLQDQDUWLILFLDO
HQYLURQPHQW7KLV\RXQJIHPDOHDERXWPRQWKVRIDJHZDVSUREDEO\EURXJKWLQWRWKHFLW\DVDFXE
'XULQJLWVFDSWXUHRUFRQILQHPHQWWKLVDQLPDOH[SHULHQFHGDQRQIDWDOLQMXU\RQLWVULJKWORZHUOLPE,WLV
DWWKLVSRLQWWKDWLWVIHPRUDOKHDGZDVGLVORGJHGDIIHFWLQJWKHDFHWDEXODUMRLQWVLJQLILFDQWO\PDNLQJLW
LPSRVVLEOHIRUWKHIHOLGWRUXQSURSHUO\,QWKHZLOGVXFKDQLQMXU\ZRXOGKDYHEHHQIDWDOIRUDVROLWDU\
SUHGDWRUVXFKDVWKHSXPD<HWWKHSUHVHQFHRIUHPRGHOLQJDURXQGWKHIHPRUDOVKDIWDQGWKHDFHWDEXOXP
WKDWLVFRPSOHWHO\GHIRUPHGREOLTXHO\VXJJHVWVWKLVLQGLYLGXDOVXUYLYHGWKHLQMXU\)LJXUHDE:KLOH
LWZDVLPSRVVLEOHWRUHFRQVWUXFWWKHULJKWLQQRPLQDWHFRPSOHWHO\WKHSUHVHUYHGDUHDVGHPRQVWUDWHG
H[WHQVLYHUHPRGHOLQJDQGLQIHFWLRQQRWMXVWDORQJWKHDFHWDEXOXPEXWLQWRWKHLVFKLXP7KLVLQMXU\ZRXOG
KDYHUHVWULFWHGWKHDQLPDOVLJQLILFDQWO\DQGFDXVHGH[WUHPHSDLQ7KLVDQLPDODOVRH[SHULHQFHGDEORZWR
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
)LJXUH'HWDLOVIURP]RRDUFKDHRORJLFDODQDO\VLVRIDSXPD(OHPHQWRDFORVHXSRIWKH
ULJKWIHPRUDOVKDIWZLWKHYLGHQFHRIUHPRGHOLQJEFRPSDULVRQRIOHIWDQGULJKWLQQRPLQDWHZLWK
REYLRXVGHIRUPDWLRQRIWKHULJKWLQQRPLQDWHULJKWVLGHFFORVHXSRIWKHRFFLSLWDOUHJLRQZLWKD
ODUJHEXPSIURPDQLQMXU\GFORVHXSRIPD[LOODU\PHVLDOGHQWLWLRQZLWKHYLGHQFHRIH[WHQVLYH
ZHDULQJRQWKHLQFLVRUVDQGFDQLQHVQRWHDEVHQFHRIILUVWDQGVHFRQGLQFLVRUV

WKHEDFNRILWVKHDGWKDWFRXOGKDYHDOVREHHQLQIOLFWHGGXULQJFDSWXUHRUFRQILQHPHQW)LJXUHF
2WKHULQGLFDWLRQVRIVWUHVVDUHH[KLELWHGRQLWVGHQWLWLRQ'HVSLWHWKH\RXQJDJHRIWKHLQGLYLGXDO
WKHUHLVDOUHDG\H[WHQVLYHZHDULQJRQWKHPHVLDOGHQWLWLRQSDUWLFXODUO\RQWKHLQFLVRUVWRWKHSRLQWWKDWWKH
ILUVWDQGVHFRQGLQFLVRUVDUHFRPSOHWHO\ZDUQGRZQDQGDEVHQW)LJXUHG7KHDOYHRODUKDG
FRPSOHWHO\ILOOHGLQVXJJHVWLQJWKHVHLQFLVRUVZHUHORVWVRPHWLPHEHIRUHWKHSXPDPHWLWVIDWH$VIHOLGV
GRQRWUHJXODUO\XWLOL]HWKHLUIURQWWHHWKIRUFRQVXPSWLRQRUIRUKXQWLQJVXFKZHDULQJSDWWHUQVDUHXQLTXH
DQGPHULWFRQVLGHULQJWKHSODXVLEOHFDXVHV,QGHHGWKHFDUQDVVLDOXWLOL]HGIRUIRRGSURFHVVLQJORRNKHDOWK\
ZLWKYHU\OLWWOHZDUH2QHIHDVLEOHH[SODQDWLRQLVWKDWLWVUHVLGHQFHLQVPDOOFRQILQHGVSDFHVFRXOGKDYH
FDXVHGDEQRUPDOVWUHVV%HKDYLRUVOLNHSDFLQJKHDGEREELQJVXFNOLQJRQWKHWDLODQGWRHVDQGIXU
SOXFNLQJKDYHEHHQUHFRUGHGDPRQJZLOGWLJHUVLQPRGHUQ]RRORJLFDOSDUNV3LWVNR$GGLWLRQDOO\
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JQDZLQJPD\KDYHRFFXUUHGSDUWLFXODUO\RQWKHFDJHRURWKHUUHVWULFWHGGHYLFHVWKDWFRXOGOHDGWRWKH
SDWKRORJLFDOIHDWXUHGHVFULEHGDERYH
 $QRWKHUFOHDULQGLFDWLRQWKLVDQLPDOZDVWDPHGDQGPDQDJHGZDVGHULYHGIURPLWVVWRPDFK
FRQWHQWV6HYHUDOFRPSOHWHDQLPDOVLQFOXGLQJWKLVSXPDFRQWDLQHGVWRPDFKFRQWHQWVWKDWUHFRUGHGWKHLU
ODVWPHDOEHIRUHWKHULWXDOVODXJKWHU7KHXQLIRUPDVVHPEODJHPRVWO\FRQVLVWLQJRIHLWKHUUDEELWVRUKDUHV
VXJJHVWVWKHUHZDVLQWHQWLRQDOIHHGLQJSULRUWRWKHLUVDFULILFH,QWKLVFDVHWKHUHPDLQVRIWZRUDEELWVWKDW
ZHUHIDLUO\FRPSOHWHDQGDQXQLGHQWLILHGDYLDQERQHZDVLGHQWLILHG6RPHRIWKHUHPDLQVRIWKHUDEELW
ZHUHGLVFRORUHGGHPRQVWUDWLQJHYLGHQFHRIEXUQLQJDQGWKXVFRRNLQJSULRUWRLWEHLQJIHGWRWKLV
FDUQLYRUH7KHVHPRGLILHGERQHVDUHDGLUHFWUHIHUHQFHWRDUWLILFLDOIHHGLQJDIHDWXUHWKDWIXUWKHUVXSSRUWV
WKDWWKHVHKLJKO\VSHFLDOL]HGFDUQLYRUHVZHUHWDPHG
 -XVWVRXWKRIWKLVLQGLYLGXDORQWKHVRXWKZHVWFRUQHURIWKHGHGLFDWRU\FDFKHWZRPRUHFRPSOHWH
IHOLGVZHUHGHSRVLWHG(OHPHQWRDQG)LJXUH8QIRUWXQDWHO\WKLVVHFWLRQZLWKRYHUODSSLQJ
VNHOHWRQVZDVYHU\ZDVEDGO\SUHVHUYHGUHVXOWLQJLQDPXFKPRUHUHVWULFWHGDQDO\VLV7KHVXUIDFH
YLVLELOLW\ZDVSRRUDQGPDQ\HOHPHQWVZHUHPLVVLQJPDNLQJLWQHFHVVDULO\WRUHO\RQYHU\VPDOOFXHVIRU
LQWHUSUHWDWLRQ
7KHSXPD(OHPHQWRZDVDOVRD\RXQJDGXOWDJDLQURXJKO\PRQWKVRIDJHDQGDIHPDOH
7KHYHU\IUDJPHQWDU\VWDWHRIWKHERQHVPDGHPDQ\RIWKHVXUIDFHPRGLILFDWLRQVGLIILFXOWWRGLVFHUQ
1RQHWKHOHVVVRPHRIWKHORQJERQHIUDJPHQWVWKDWZHUHFDUHIXOO\SLHFHGWRJHWKHUGHPRQVWUDWHGXQXVXDO
GHIRUPDWLRQVUHPRGHOLQJDQGOLSSLQJRQVRPHRIWKHXSSHUOLPEHOHPHQWV3DUWLFXODUO\QRWLFHDEOHRQWKH
OHIWXSSHUOLPEWKHUDGLXVDQGXOQDZHUHFRPSOHWHO\IXVHGWRJHWKHU:KLOHLWLVVWLOOXQFOHDULIWKLVZRXOG
KDYHEHHQFDXVHGE\VRPHVRUWRILQIHFWLRXVGLVHDVHRULQMXU\LWVHHPVWRKDYHDOVRDIIHFWHGWKH
FRUUHVSRQGLQJKXPHUXVWRVRPHGHJUHH0RVWOLNHO\LWZDVVRPHVRUWRILQIHFWLRXVGLVHDVHGXHWR
QXWULWLRQDOGHILFLHQF\RUDQLQIHFWLRQWKDWJUHZIURPDQLQMXU\WKDWDIIHFWHGWKHHQWLUHOHIWXSSHUOLPE
)XUWKHUFRQVXOWDWLRQZLWKVRPHYHWHULQDULDQRU]RRORJLFDOH[SHUWVPD\KHOSIXUWKHUH[SODLQWKLV
SDWKRORJLFDOPDUNHU

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
)LJXUH7ZRIHOLGV(OHPHQWRVDQGLQVRXWKZHVWHUQFRUQHURI(QWLHUUR
3KRWRJUDSK0RRQ3\UDPLG3URMHFW

/DLGULJKWRQWRSRIWKLVLQGLYLGXDOZDVWKHUHPDLQVRI(OHPHQWRD\RXQJDGXOWMDJXDURIDQ
LQGHWHUPLQDWHVH[7KLVLQGLYLGXDODOWKRXJKDOLWWOHEHWWHUSUHVHUYHGWKDQ(OHPHQWRZDVKHDYLO\
DIIHFWHGE\WKHVDPHWDSKRQRPLFDOSURFHVVHVPDNLQJWKHERQHVYHU\EULWWOH5HFRQVWUXFWLRQVZHUH
GLIILFXOWFRPSRXQGHGE\WKHGHIRUPDWLRQDQGZDUSLQJFDXVHGE\WKHZHLJKWRQWKHERQHV1HHGOHVVWR
VD\GLVFHUQLQJDQ\VXUIDFHPRGLILFDWLRQVZHUHGLIILFXOWGXHWRWKHVHFRQGLWLRQV:KLOHWKHUHZHUHQR
REYLRXVSDWKRORJLFDOPDUNHUVRQWKLVFROOHFWLRQVRPHGHIRUPDWLRQVFDQQRWEHGLVFRXQWHGDVEHLQJFDXVHG
E\FXOWXUDOSURFHVVHV7KHOHIWIRUHOLPESDUWLFXODUO\DORQJWKHVKDIWRIWKHKXPHUXVUDGLXVDQGXOQDZHUH
LQIODWHG$OWKRXJKWKLVIHDWXUHPD\EHFDXVHGE\WKHZDUSLQJGXHWRWKHWDSKRQRPLFDOSURFHVVHVLWLV
PRUHOLNHO\DQLQIHFWLRXVGLVHDVHOHGWRWKHLQIODPPDWLRQ2WKHUOLQHVRIHYLGHQFHDUHQHFHVVDU\WR
GHWHUPLQHLIWKLVLQGLYLGXDOZDVNHSWLQPDQDJHPHQWGXULQJLWV\RXWK
 $QRWKHUFRPSOHWHIHOLG(OHPHQWRZDVDMXYHQLOHRIDQXQLGHQWLILHGVH[7KLVLQGLYLGXDO
ZDVSODFHGRQWKHHDVWHUQVHFWRURIWKHFDFKHURXJKO\DWWKHVDPHQRUWKVRXWKFRRUGLQDWHDVWKHSXPD
(OHPHQWRDOPRVWPLUURULQJWKLVLQGLYLGXDO0DQ\RILWVWHHWKZHUHVWLOOGHFLGXRXVEXWEHFDXVHWKH
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FUDQLXPDQGSDUWRIWKHPDQGLEOHZHUHIUDJPHQWHGPDQ\XQHUXSWHGSHUPDQHQWGHQWLWLRQZHUHLGHQWLILHG
:KLOHWKHSHUPDQHQWPD[LOODU\LQFLVRUVRQHDQGWZRKDGDOUHDG\HUXSWHGWKHWKLUGLQFLVRUFDQLQHV
SUHPRODUVDQGPRODUVZHUHVWLOOLQWKHDOYHRODUFDYLW\6RPHRIWKHGHFLGXRXVLQFLVRUVRQWKHPDQGLEOH
ZHUHVWLOOLQSODFHZLWKWKHSHUPDQHQWGHQWLWLRQMXVWDERXWWRHUXSW7KHFDQLQHVDQGWKHFKHHNWHHWKZHUH
VWLOOGHFLGXRXV%DVHGRQWKLVWRRWKHUXSWLRQVHTXHQFHLWZDVGHWHUPLQHGWKDWWKLVDQLPDOZDVEHWZHHQVL[
WRHLJKWPRQWKVROG
 /LNHRWKHUDQLPDOVWKLVIHOLGDOVRFRQWDLQHGWKHRVVHRXVUHPDLQVRILWVODVWPHDO,WFRQVXPHGD
\RXQJUDEELWSylvilagusVSDOWKRXJKRQO\VFDQWUHPDLQVRILWVKLQGOLPEVZHUHUHFRUGHG'XHWRWKH
JORVV\WH[WXUHRIWKHERQHVWKHVHUHPDLQVZHUHRULJLQDOO\LGHQWLILHGDVFRRNHGSRVVLEO\ERLOHGUHPDLQV
+RZHYHUWKLVW\SHRISROLVKLQJZDVPRVWOLNHO\FDXVHGE\WKHGLJHVWLYHWUDFW1RRWKHUVLJQVRIVXUIDFH
PRGLILFDWLRQZHUHUHFRUGHG$SDUWIURPWKHVHFRPSOHWHLQGLYLGXDOVIRXUSXPDVNXOOVDQGVL[MDJXDUVNXOOV
ZHUHGHSRVLWHGWKURXJKRXWWKHRIIHUWRU\FKDPEHU7KHVHFUDQLDDUHIDLUO\FRQVLVWHQWO\SODFHGLQVHWVRIRQH
RUWZRLQWKHFRUQHUVRIWKHFDFKHDORQJWKHD[LDOGLUHFWLRQVDQGDWWKHFHQWHURIWKHRIIHUWRU\FDFKH
Moon Pyramid: Entierro 3 
1RFRPSOHWHIHOLGVNHOHWRQVZHUHGHSRVLWHGLQ(QWLHUUR,QIDFWWKLVRIIHULQJGLGQRWLQFOXGH
SULPDU\DQLPDOGHSRVLWV7KHVHSUHSDUHGKHDGVZHUHKLJKO\IUDJPHQWHGPDNLQJLWGLIILFXOWWRGLVFHUQDQ\
VXUIDFHIHDWXUHV7DEOH2YHUODSDQDO\VLVRIWKHVHHOHPHQWVVXJJHVWVL[IHOLGVNXOOVZHUHRIIHUHG
7KH\ZHUHVFDWWHUHGWKURXJKRXWWKHFDFKHDORQJZLWKPRUHDEXQGDQWFDQLGUHPDLQV
Moon Pyramid: Entierro 5 
 2QO\RQHSXPD(OHPHQWRLQ(QWLHUURZDVDSULPDU\EXULDOODLGRQLWVVLGHLQIURQWRIRQH
RIWKUHHKXPDQ&7KLVSXPDZDVDMXYHQLOHDJDLQZLWKSHUPDQHQWGHQWLWLRQDQGXQIXVHGFUDQLDODQG
SRVWFUDQLDOHOHPHQWV+RZHYHULWVVNXOODQGSRVWFUDQLDOHOHPHQWVZHUHVLJQLILFDQWO\VPDOOHUVXJJHVWLQJ
WKLVLQGLYLGXDOZDV\RXQJHUWKDQWKHRWKHUFRPSOHWH\RXQJDGXOWIHOLGVLGHQWLILHGLQRWKHUFRQWH[WV,WV
UHPDLQVZHUHJUHDWO\GDPDJHGE\WKHWDSKRQRPLFSURFHVVHVPDNLQJWKHVXUIDFHORRNDOPRVWZHDWKHUHG
8QIRUWXQDWHO\WKLVOHGWRWKHYHU\EULWWOHDQGZDUSHGQDWXUHRIWKHVNHOHWRQPDNLQJWKHSLHFLQJ
UHFRQVWUXFWLRQDQGDQDO\VLVYHU\GLIILFXOW7KXVRQO\WKHGHQWLWLRQSDUWRIWKHVNXOODQGVRPHRIWKH
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H[WUHPLWLHVDQGYHUWHEUDHZHUHUHFRQVWUXFWHGZKLOHWKHRWKHUERQHVZHUHWRRIUDJPHQWDU\DQGIUDJLOHIRU
IXUWKHUPDQLSXODWLRQDQGUHSLHFLQJ1RLQIRUPDWLRQRQVXUIDFHPRGLILFDWLRQVZDVJDWKHUHGIRUWKLV
LQGLYLGXDO
 0RVWQXPHURXVDPRQJWKHIDXQDOPDWHULDOVIURPWKLVFKDPEHUZHUHWKHDEXQGDQWIHOLGFUDQLDO
KHDGVQ WKDWZHUHVFDWWHUHGVXUURXQGLQJWKHWKUHHVDFULILFLDOYLFWLPV7DEOH7KH\LQFOXGHGDW
OHDVWWHQSXPDWZRMDJXDUDQGWKUHHXQLGHQWLILHGFelisVS
Sun Pyramid: Ofrenda 2 
 2QO\RQHIHOLGZDVIRXQGLQWKLVRIIHUWRU\FKDPEHUUHSUHVHQWHGE\WKHFUDQLXPPDQGLEOHDQG
VHYHUDOSKDODQJHVFODZV7DEOH7KLVLQGLYLGXDOZDVDVVLJQHGWKUHH(OHPHQWRQXPEHUV
GXHWRWKHGLIIHUHQWVWDJHVLQZKLFKWKHIDXQDOUHPDLQVZHUHUHFRYHUHGEXWWKH\DOOSHUWDLQWRWKHVDPH
LQGLYLGXDO7KLVSXPDZDVDVVLJQHGDVDIHPDOH\RXQJDGXOWGXHWRWKHFRPSOHWHSHUPDQHQWGHQWLWLRQEXW
WKHODFNRIDQ\ZHDULQJRQWKHVHWHHWKDQGWKHXQIXVHGFUDQLDOVXWXUHVFRQILUPVWKDWLWKDGQRWUHDFKHGIXOO
DGXOWKRRG/LJKWPXVFOHPDUNLQJVDORQJWKHSDULHWDOERQHVDQGWKHFKDUDFWHULVWLFVRIWKHVDJLWWDOFUHVWERWK
FRQILUPWKLVLQGLYLGXDOZDVIHPDOH
7KLVIHOLQHZDVSODFHGRQWKHQRUWKZHVWHUQVHFWRURIWKHFDFKHIDFLQJZHVW7KHSKDODQJHFODZ
ERQHVZHUHVFDWWHUHGLQWKUHHORFDWLRQVLPPHGLDWHO\WRWKHQRUWKRIWKHVNXOOWRWKHZHVWRIWKHVNXOODQG
DQRWKHUJURXSLVRODWHGWRWKHVRXWKZHVWRIWKHVNXOO:KLOHLQLWLDOO\WKLVLVRODWHGJURXSRISKDODQJHVFODZV
ZHUHFRQVLGHUHGDGLIIHUHQWIHOLGXSRQODERUDWRU\DQDO\VLVLWEHFDPHREYLRXVWKDWWKH\ZHUHRIWKHVDPH
URXJKVL]HDQGWKHUHZHUHQRVNHOHWDORYHUODSUHVXOWLQJLQWKHGHVLJQDWLRQRIRQO\RQHIHOLGIRUERWKWKH
SKDODQJHVFODZVDQGWKHVNXOO:KHQWKHVNXOORIWKHIHOLGZDVDQDO\]HGWKHUHZHUHWZRWHHWKWKDW
RYHUODSSHGZLWKWKHIXOOGHQWLWLRQLGHQWLILHGZLWKWKHVNXOORIWKHDQLPDOVXJJHVWLQJWKDWDWRWDORIWZR
IHOLGVZHUHUHSUHVHQWHG7ZRULJKWPDQGLEXODUVHFRQGDQGWKLUGLQFLVRUVZHUHGHVLJQDWHGDV(OHPHQWR
WKHVHFRQGIHOLGLQWKLVRIIHULQJ
&DQLGV
 &DQLGVPDLQO\ZROYHVZHUHIRXQGLQDOORIIHULQJVWRWDOLQJVNHOHWRQV7DEOH$SSHQGL[(
8QOLNHRWKHUDQLPDOVWKHPDMRULW\RIFDQLGUHPDLQVZHUHVHFRQGDU\GHSRVLWVZLWKRQO\WKUHHLVRODWHG
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7DEOH6XPPDU\RIFDQLGVNHOHWDOUHPDLQVIURPDOORIIHULQJV
6SHFLH 3ULPDU\ $JH 6H[ 3DWK 6XUIDFH 6WRP 1RWHV
(QW
 :ROI <HV -XYHQLOH 0 1R 1R <HV &DJHGDQLPDO
(QW
 &R\RWH 1R -XYHQLOH ) 1R 1R 1R
 :ROI 1R -XYHQLOH 8Q,' 1R <HV 1R
 :ROI 1R <RXQJDGXOW )" 1R <HV 1R
 :ROI 1R $GXOW ) 1R <HV 1R
 :ROI 1R <RXQJDGXOW 8Q,' 1R <HV 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI" 1R -XYHQLOH 8Q,' 1R <HV 1R ,QLWLDO,'DVK\EULG
 :ROI 1R -XYHQLOH 8Q,' 1R 1R 1R
 :ROI 1R -XYHQLOH 8Q,' 1R 1R 1R
 :ROI" <HV -XYHQLOH ) 1R 1R 1R ,QLWLDO,'DVK\EULG
(QW
 :ROI 1R <RXQJDGXOW 0 1R 1R 1R
 :ROI 1R <RXQJDGXOW )" 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI 1R
-XYHQLOH
$GXOW 8Q,' 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI 1R
-XYHQLOH
$GXOW 8Q,' 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R <HV 1R
 &DQLVVS 1R $GXOW 8Q,' 1R 1R 1R
2QO\UHSUHVHQWHGE\
PD[LOODU\OHIW,
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI 1R
-XYHQLOH
$GXOW 8Q,' 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
 &DQLVVS 1R
-XYHQLOH
$GXOW 8Q,' 1R 1R 1R 7KUHHWHHWK
 :ROI 1R $GXOW 0 1R 1R 1R
 :ROI 1R -XYHQLOH 8Q,' 1R <HV 1R
 :ROI 1R $GXOW 8Q,' 1R 1R 1R
(QW
 &DQLVVS 1R 8Q,' 8Q,' 1R 1R 1R 2QHFODZ
 :ROI" 1R -XYHQLOH 8Q,' 1R 1R 1R ,QLWLDO,'DVK\EULG
 :ROI <HV -XYHQLOH 0 1R 1R 1R
 &DQLVVS 1R 8Q,' 8Q,' 1R 1R 1R 2QHFODZRQHSKDODQJH
2)336
 :ROI 1R
,QIDQW
-XYHQLOH 8Q,' 1R <HV 1R PRQWKVRIDJH 
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SULPDU\GHSRVLWVLQ(QWLHUURVDQG8QIRUWXQDWHO\PDQ\RIWKHFRPSOHWHLQGLYLGXDOVZHUHSRRUO\
SUHVHUYHGPDNLQJLWLPSRVVLEOHWRUHFRQVWUXFWWKHHQWLUHVNHOHWRQ7KHRQO\H[FHSWLRQZDV(QWLHUUR
ZKHUHWKHHQWLUHDQLPDOZDVSUHVHUYHG(QWLHUURFRQWDLQHGWKHODUJHVWDVVHPEODJHRIFDQLGUHPDLQV
ZKHUHSUHSDUHGFUDQLDZHUHVFDWWHUHGWKURXJKRXWWKHFKDPEHU
 2QPDQ\RFFDVLRQVRQO\WKHGHQWLWLRQZDVUHFRQVWUXFWDEOHIRUYHU\UXGLPHQWDU\LGHQWLILFDWLRQV
/XFNLO\PDQ\RIFKDUDFWHULVWLFVGLVWLQJXLVKLQJWKHVSHFLHVRIFDQLGʊZROYHVGRJVFR\RWHVDQGK\EULG
IRUPVʊDUHEDVHGRQPRUSKRPHWULFWUDLWVRILWVGHQWLWLRQ7KXVRQO\RQHLQGLYLGXDOLVOHIWDVDQ
XQLGHQWLILHGCanisVS2QWKHRWKHUKDQGFKDUDFWHUL]LQJPDOHVDQGIHPDOHVDUHUHOLDQWRQPRUSKRPHWULF
FKDUDFWHULVWLFVRIFUDQLDODQGSRVWFUDQLDOHOHPHQWVQRWDYDLODEOHGXHWRWKHFRQGLWLRQVRIWKHERQHV7KXV
WKHPDMRULW\RIWKHFDQLGVUHPDLQXQVH[HG
 6SHFLHVOHYHOLGHQWLILFDWLRQZDVLQLWLDOO\FDUULHGRXWLQWKHILHOGDQGODWHUODERUDWRU\FRQWH[WVWKHQ
ILQDOLGHQWLILFDWLRQVZHUHDVVLJQHGEDVHGRQPHWULFGDWDWDNHQIURPSXEOLVKHGUHSRUWV7ZRWHHWKZHUH
XWLOL]HGWKHPD[LOODU\WKLUGSUHPRODU30DQGIRXUWKSUHPRODU307KHFRPSDUDWLYHGDWDVHWIURP
SXEOLVKHGUHSRUWV%ODQFR3DGLOODHWDOZHUHWDNHQWREXLOGWKHPRGHOVIRUZROIFR\RWHDQGGRJ
GHQWDOPHDVXUHPHQWV)LJXUHVDQG7KHFHQWURLGGHQRWHVWKHDYHUDJHPHDVXUHPHQWVEDVHGRQD
FRPSDUDWLYHVDPSOHRIZROYHVQ FR\RWHVQ DQGGRJVQ ZLWKHUURUEDUVVLJQLI\LQJWKHUDQJH
RIWZRVWDQGDUGGHYLDWLRQV$SSHQGL[%7KHSRO\JRQVVXUURXQGLQJHDFKRIWKHVHWKUHHVSHFLHVUHSUHVHQW
WKHGLVWULEXWLRQRIGDWDSRLQWVIURPWKHFRPSDUDWLYHVDPSOH:KLOHWKHPRGHUQFRPSDUDWLYH
PHDVXUHPHQWVDUHQRWDUHSUHVHQWDWLYHVDPSOHGXHWRWKHVPDOOVDPSOHVL]HLWSURYLGHVDXVHIXOPRGHOWR
FRPSDUHWKHPHDVXUHPHQWVWDNHQIURPWKHDUFKDHRORJLFDOVDPSOHV
3ORWWLQJWKHPHDVXUHPHQWVWDNHQIURP7HRWLKXDFDQFRQWH[WVFRGHGE\LQLWLDOILHOGDQGODERUDWRU\
LGHQWLILFDWLRQVZHVHHWKHRYHUDOOFOXVWHUZLWKWKHFRPSDUDWLYHZROIPHDVXUHPHQWV)LJXUHVDQG
7KHH[FHSWLRQLV(OHPHQWRLGHQWLILHGDVDFR\RWHIURP(QWLHUURWKDWLVORFDWHGMXVWRQWKHERDUGHU
RIWKHH[SHFWHGFR\RWHPHDVXUHPHQWV,QWHUHVWLQJO\WKUHHLQGLYLGXDOVZHUHLGHQWLILHGDVDSRVVLEOHK\EULG
GXULQJILHOGDQGODERUDWRU\DQDO\VLVJUH\FLUFOHVQRWDOOLQGLYLGXDOVKDGERWKOHQJWKDQGZLGWK
PHDVXUHPHQWVRI30DQG30+RZHYHUEHFDXVHWKHLUWHHWKGLPHQVLRQVDUHZHOOZLWKLQWKHH[SHFWHG
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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

          
/H
QJ
WK
P
P
:LGWKPP
0D[LODU\300HDVXUHPHQWV
7HR:ROI
7HR&R\RWH
7HR+\EULG
0RGHUQ:ROI
Q 
0RGHUQ&R\RWH
Q 
0RGHUQ'RJ
Q 

)LJXUH&DQLGIRXUWKSUHPRODUOHQJWKDQGZLGWKPHDVXUHPHQWVDUFKDHRORJLFDODQGFRPSDUDWLYH
VDPSOHV(UURUEDUVLOOXVWUDWHWZRVWDQGDUGGHYLDWLRQVZKLOHSRO\JRQVSORWVDPSOHGLVWULEXWLRQ











      
/H
QJ
WK
P
P
:LGWKPP
0D[LODU\300HDVXUHPHQWV
7HR:ROI
7HR&R\RWH
7HR+\EULG
0RGHUQ:ROI
Q 
0RGHUQ&R\RWH
Q 
0RGHUQ'RJ
Q 

)LJXUH&DQLGWKLUGSUHPRODUOHQJWKDQGZLGWKPHDVXUHPHQWVDUFKDHRORJLFDODQGFRPSDUDWLYH
VDPSOHV(UURUEDUVLOOXVWUDWHWZRVWDQGDUGGHYLDWLRQVZKLOHSRO\JRQVSORWVDPSOHGLVWULEXWLRQ
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(QWQ  (QWQ  (QWQ  (QWQ  2)336Q 
01
,
$JHGLVWULEXWLRQRIFDQLGV
E\FRQWH[W
,QIDQW-XYHQLOH
-XYHQLOH
-XYHQLOHDGXOW
<RXQJ$GXOW
$GXOW

)LJXUH$JHGLVWULEXWLRQRIFDQLGVIURPDOORIIHULQJV
WZRVWDQGDUGGHYLDWLRQYDULDWLRQWKHLULGHQWLILFDWLRQVZHUHFKDQJHGWR³ZROI"´)XUWKHUPXOWLYDULDWH
DQDO\VLVXWLOL]LQJDODUJHUFRPSDUDWLYHVDPSOHLVQHFHVVDU\WRFRQILUPWKLVLGHQWLILFDWLRQ0HDVXUHPHQWVRI
WKH7HRWLKXDFDQDUFKDHRORJLFDOFROOHFWLRQH[WHQGEH\RQGWKHH[SHFWHGOHQJWKDQGZLGWKPHDVXUHPHQWVRI
WKHPRGHUQZROIFROOHFWLRQZKLFKGHPRQVWUDWHVWKDWWKHFRPSDUDWLYHVDPSOHQHHGVWREHH[SDQGHGWR
DFFRXQWIRUODUJHULQWHUVSHFLHVYDULDWLRQ
$JHGLVWULEXWLRQYDULHGEHWZHHQFRQWH[WV\RXQJLQIDQWMXYHQLOHDQGMXYHQLOHERQHVZHUH
SURPLQHQWLQ(QWLHUURVDQGDQG2IUHQGDZKLOH(QWLHUURFRQWDLQHGROGHUDGXOWV\RXQJDGXOWV
DQGMXYHQLOHDGXOWVNHOHWDOUHPDLQV)LJXUH([SHFWIRUWKHWZRMXYHQLOHKHDGVIRXQGLQ(QWLHUURLW
LVFRQVLVWHQWZLWKWKHIHOLGDJHGLVWULEXWLRQZKHUHWKHHDUOLHUFRQWH[WV3362)(QWLHUURDQG(QWLHUUR
WHQGHGWRSUHIHULQIDQWMXYHQLOHDQG\RXQJDGXOWVNHOHWRQV2QWKHRWKHUKDQGODWHUGHSRVLWVLQWKLVFDVH
(QWLHUURWKDWFRQWDLQHGWKHODUJHVWFDQLGDVVHPEODJHWHQGHGWRVHOHFWDGXOWLQGLYLGXDOV'XHWRWKH
RYHUZKHOPLQJQXPEHURIFDQLGVNXOOVLQ(QWLHUURWKHRYHUDOODJHGLVWULEXWLRQUHVXOWVLQWKHKLJKHVW
SHUFHQWDJHRIDGXOWVIROORZHGE\MXYHQLOHV7DEOH
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7DEOH&DQLGDJHGLVWULEXWLRQ01,DQGSHUFHQWIRUDOORIIHULQJV
01,  01,  01,  01,  01,  01, 
,QIDQW-XYHQLOH            
-XYHQLOH            
-XYHQLOHDGXOW            
<RXQJ$GXOW            
$GXOW            
Total 1 10 17 2 1 31
(QWQ  7RWDO2)Q (QWQ (QWQ (QWQ 

,WLVLQWHUHVWLQJWRFRPSDUHWKLVILQGWRRWKHUFDVHVLQKLJKODQG0H[LFR&DQLGVH[FDYDWHGDWWKH
)63ZHUHDOO\RXQJLQGLYLGXDOVEHIRUHWKH\UHDFKHGRQH\HDURIDJHSRVVLEO\QRWHYHQPRQWKVROG
0RVWRIWKHFDQLGVXWLOL]HGLQVDFULILFHDQGDVULWXDOSDUDSKHUQDOLDLQKLJKODQG0H[LFRZHUHFRPSRVHGRI
\RXQJLQGLYLGXDOVʊRXWRIFDVHVH[DPLQHGE\9DODGH]HWDORQO\IRXUZHUHPRUHWKDQWKUHH
\HDUVROG7KHGHVLJQDWLRQRIVXFKKLJKIUHTXHQF\RIDGXOWFDQLGVIURP(QWLHUURLVQRWLFHDEOH
Moon Pyramid: Entierro 2 
 2QO\RQHFRPSOHWHFDQLGZDVH[FDYDWHGLQ(QWLHUURDQGWKHUHZHUHQRVHFRQGDU\GHSRVLWVRI
FDQLGV2QWKHVRXWKHUQVHFWRURIWKHRIIHULQJLQRSSRVLWLRQWRWKHWZRFDJHGSXPDVDZROIZDV
H[FDYDWHGLQVLGHRIDZRRGHQFDJH(OHPHQWR7KLVFDQLGOD\LQDQRUWKVRXWKRULHQWDWLRQZLWKLWV
KHDGWRWKHVRXWK7KLVLVWKHRQO\FRPSOHWHZHOOSUHVHUYHGFDQLGSHUPLWWLQJDQDOPRVWIXOOUHFRQVWUXFWLRQ
RIWKHHQWLUHVNHOHWRQ(YHQWKHos pubisERQHZDVUHFRYHUHGIURPWKLVVNHOHWRQFRQILUPLQJWKDWWKLV
LQGLYLGXDOZDVDPDOH$OOWKHWHHWKZHUHSHUPDQHQWEXWDOOWKHVXWXUHVRQWKHKHDGDQGORQJERQHZHUH
QRWIXVHGVXJJHVWLQJWKLVLQGLYLGXDOZDVDMXYHQLOHEHWZHHQVL[WRQLQHPRQWKVROG
7ZRODJDPRUSKVUDEELWVDQGKDUHVZHUHFRQVXPHGE\WKLVDQLPDOSULRUWRLWVVDFULILFHRQHZDV
LGHQWLILHGDVLepusVSDQGDQRWKHUSylvilagusVS,QWHUHVWLQJO\VRPHRIWKHERQHVVKRZHGGLVFRORUDWLRQ
GXHWREXUQLQJ/LNHRWKHUEXUQWERQHVLQWKHDEGRPLQDOFDYLW\WKH\SURYLGHGLUHFWHYLGHQFHRIDUWLILFLDO
EUHHGLQJ
Moon Pyramid: Entierro 6 
2QO\RQHFRPSOHWHFDQLGZDVLGHQWLILHGHYHQWKRXJKSULPDU\GHSRVLWVRIRWKHUVSHFLHVZHUH
DEXQGDQWLQWKLVRIIHULQJFKDPEHU7KLVFDQLG(OHPHQWRZDVH[FDYDWHGDWWKHVRXWKZHVWFRUQHURI
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WKHGHGLFDWRU\FDFKHZKHUHWKHUHZDVDKLJKFRQFHQWUDWLRQRISULPDU\GHSRVLWV8QIRUWXQDWHO\DOOWKH
IDXQDOUHPDLQVLQWKLVVHFWLRQZHUHYHU\EDGO\SUHVHUYHGPDNLQJLWLPSRVVLEOHWRUHVWRUHWKHVNHOHWRQ,Q
IDFWWKLVLQGLYLGXDOZDVH[FDYDWHGLQEORFNVDVDOOWKHERQHVZHUHSODVWHUHGLQDQDOPRVWSRZGHUHGVWDWH
7KLVFDQLGZDVGHSRVLWHGRQLWVVLGHZLWKLWVH[WUHPLWLHVERXQG$WILUVWWKLVLQGLYLGXDOZDVLGHQWLILHGDVD
ZROIGRJK\EULG+RZHYHUWKHOHQJWKDQGZLGWKPHDVXUHPHQWVRIWKHPD[LOODU\3PDQG3PGRQRW
FRQILUPWKLVLGHQWLILFDWLRQ%ODQFR3DGLOODHWDO9DODGH]$]~DHWDO7KXVXQWLOIXUWKHU
DQDO\VLVWKLVFDQLGLVFRQVLGHUHGDVDSRVVLEOHZROI7KLVIHPDOHKDGDFRPSOHWHVHWRISHUPDQHQW
GHQWLWLRQZLWKXQIXVHGORQJERQHVZKLFKOHGWRLWVLGHQWLILFDWLRQDVDMXYHQLOH1RLQIRUPDWLRQDERXWWKH
VXUIDFHPRGLILFDWLRQVFDQEHJDWKHUHGGXHWRWKHH[WUHPHO\GHJUDGHGFRQGLWLRQRIWKHIDXQDOUHPDLQV
,QDGGLWLRQQLQHVNXOOVVRPHZLWKDVVRFLDWHGSKDODQJHVDQGFODZVZHUHGHSRVLWHGWKURXJKRXWWKH
RIIHULQJFDFKH7KHRQO\FR\RWHLGHQWLILHGIURPRIIHUWRU\FRQWH[WVDW7HRWLKXDFDQZDVIRXQGKHUH
(OHPHQWRZKLFKZDVSODFHGDORQJWKHVRXWKHUQZDOORIWKHFKDPEHU$QRWKHUVNXOO(OHPHQWR
ZDVLQLWLDOO\LGHQWLILHGDVDK\EULGCanis lupus-familiarisEXWDJDLQWKHLUWRRWKPHDVXUHPHQWVGLGQRW
FRQFXUZLWKWKLVLGHQWLILFDWLRQDQGLVFXUUHQWO\ODEHOHGDVDSRVVLEOHZROIXQWLOIXUWKHUDQDO\VLV
Moon Pyramid: Entierro 3 
(QWLHUURFRQWDLQHGWKHODUJHVW01,FRXQWE\IDUWRWDOLQJSUHSDUHGFUDQLDOKHDGVWKDWZHUH
GHSRVLWHGWKURXJKRXWWKHRIIHUWRU\FKDPEHU7KLV01,FRXQWLVEDVHGRQRYHUODSDQDO\VLVRIFUDQLDOWHHWK
DVWKHVHHOHPHQWVZHUHKLJKO\IUDJPHQWDU\DQGPDQ\WLPHVWKH\ZHUHWKHRQO\ERQHVUHFRQVWUXFWHG7KLV
ZDVWKHPLQLPXPFRXQWDQGWKHSUHVHQFHRI(OHPHQWRQXPEHUVVHH7DEOHEHJVWKHTXHVWLRQLI
WKHUHZHUHRULJLQDOO\FDQLGVUHSUHVHQWHGLQWKLVFKDPEHU&HUWDLQO\WKHSUHVHQFHRIHDJOHVLQ
(QWLHUURQLQHKDOIRIHDJOHVLQ(QWLHUURDQGPDQ\RWKHULQVWDQFHVRIWKLVQXPEHUVKRZLQJXSLQ
RIIHUWRU\GHSRVLWVDOOGHPRQVWUDWHWKDWWKHUHLVDKLJKSRVVLELOLW\WKHUHZHUHQRWFDQLGKHDGV
GHSRVLWHGLQ(QWLHUUREHFDXVHLWZDVDKLJKO\VLJQLILFDQWQXPEHULQ0HVRDPHULFDQFRVPRORJLHV
Moon Pyramid: Entierro 5 
$01,RIWZRLQGLYLGXDOVZHUHLGHQWLILHGLQ(QWLHUUR2QHZDVDFRPSOHWHVNHOHWRQ(OHPHQWR
ZKLOHWKHVHFRQGZDVUHSUHVHQWHGE\WKHFUDQLDDQGLWVPDQGLEOH(OHPHQWR,QDGGLWLRQ
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WZRGLVWLQFW(OHPHQWRQXPEHUVZHUHDVVLJQHGWRLVRODWHGFODZVDQGSKDODQJHVEXWZHUHQRWFRXQWHGLQ
WKH01,WRWDOV(OHPHQWRZDVVDFULILFHGLQWKHQRUWKHUQVHFWRURI(QWLHUURSODFHGRQLWVVLGH
QH[WWRWKHKXPDQEXULDO&WKHQRUWKHUQPRVWVDFULILFLDOYLFWLPLQWKLVFKDPEHU7KLVLQGLYLGXDOOLNH
WKHUHVWRIWKHIDXQDOUHPDLQVIURPWKLVRIIHUWRU\FDFKHZDVKLJKO\IUDJPHQWHGDQGSRRUO\SUHVHUYHG
PDNLQJDQ\UHFRQVWUXFWLRQRIWKHVNHOHWRQLPSRVVLEOH7KHRQO\LQIRUPDWLRQJDWKHUHGZDVWKDWLWZDV
MXYHQLOHEHWZHHQVL[WRQLQHPRQWKVRIDJHDQGPDOH7KHVH[RIWKHDQLPDOZDVFOHDUGXHWRWKHSUHVHQFH
RIWKHos penisERQH
$SDUWIURPWKLVFRPSOHWHVNHOHWRQDZROIFUDQLXPZDVH[FDYDWHG$OWKRXJKWKLVDQLPDOVZDV
RULJLQDOO\ODEHOHGDVDK\EULGEHWZHHQDZROIDQGDGRJWKHWHHWKPHDVXUHPHQWVGLGQRWFRQILUPWKLV
LGHQWLILFDWLRQDQGWKXVZDVODEHOHGDVDSRVVLEOHZROI
Sun Pyramid: Ofrenda 2 
2QO\RQHFDQLGFUDQLXPDQGPDQGLEOHZDVLQWHUUHGLQ2IUHQGD7KLVLQGLYLGXDOZDVWKH\RXQJHVW
FDQLGIRXQGIURPDOORIIHULQJFRQWH[WVWKXVIDULGHQWLILHGDVEHLQJEHWZHHQIRXUWRILYHPRQWKVROGEDVHG
RQWKHSUHVHQFHRIGHFLGXRXVWHHWK2QO\LWVLQFLVRUVZHUHHUXSWHGH[FHSWWKHPD[LOODU\,DQGWKHUHVW
RIWKHSHUPDQHQWGHQWLWLRQZDVVWLOOEHLQJIRUPHGRULQWKHSURFHVVRIHUXSWLQJDWWKHWLPHRIGHDWK
(DJOHV
(DJOHVZHUHRQHRIWKHPRVWDEXQGDQWDQLPDOVVDFULILFHGLQRIIHUWRU\FRPSOH[HVWRWDOLQJ
VNHOHWRQVPRVWRIWKHPSULPDU\EXULDOVQ 7DEOH$SSHQGL[)7KHPDMRULW\RIWKHHDJOHV
FRQFHQWUDWHGLQ(QWLHUURVDQGZKLFKFRQVWLWXWHVVRPHRIWKHPRVWFRQYLQFLQJHYLGHQFHRIPDVVIDXQDO
VDFULILFHIURPDQ\VLQJXODUFRQWH[WDW7HRWLKXDFDQ
(DJOHVZHUHPRVWO\IRXQGFRPSOHWHDOWKRXJKVRPHH[KLELWHGSRVWPRUWHPPRGLILFDWLRQV
LPSO\LQJWKH\ZHUHVHFRQGDULO\SODFHGLQWRWKHRIIHULQJFDFKH1RQHWKHOHVVWKHUHZHUHKLJK
FRQFHQWUDWLRQVRIFRPSOHWHRUDWOHDVWFRPSOHWHORRNLQJHDJOHVSODFHGLQWR(QWLHUURVQ DQGQ 
7KLVSDWWHUQFRQWUDVWVVLJQLILFDQWO\WRWKHVFDUFHSUHVHQFHRIHDJOHVLQ(QWLHUURQ DQGWKHDEVHQFHRI
WKHLUUHPDLQVLQ(QWLHUUR$WWKH6XQ3\UDPLGWKHRQO\WKHHDJOHZDVLQWHUUHGFRPSOHWH$OWKRXJKLWZDV
DVLQJXODUVSHFLPHQLQWKLVRIIHULQJWKHHDJOHSOD\HGDSURPLQHQWUROHDVWKHRQO\VDFULILFLDOYLFWLP
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7DEOH7DUVRPHWDWDUVXVJUHDWHVWOHQJWKDQGSUR[LPDOZLGWKRIHDJOHVIURPDOORIIHULQJV,QLWLDO
YHUVXVILQDOVH[LGHQWLILFDWLRQEDVHGRQ0F.XVLF.
(OHPHQW ,QLWLDO6H[,' )LQDO6H[,' 70/HQJWK 703UR[:LGWK
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$VH[SODLQHGLQWKHSUHYLRXVFKDSWHULGHQWLI\LQJWKHDJHDQGVH[RIHDJOHVNHOHWRQVZDVGLIILFXOW7KHVH[
RIWKHDQLPDOZDVGLIIHUHQWLDWHGXVLQJWDUVRPHWDWDUVXVOHQJWKDQGZLGWKPHDVXUHPHQWVRIIHPDOHDQG
PDOHVNHOHWRQVIURPPRGHUQFROOHFWLRQWDNHQE\0F.XVLFN7DEOH0F.XVLFN¶VPHDVXUHPHQWV
GHPRQVWUDWHGWKDWPDOHWDUVRPHWDWDUVXVPHDQPHDVXUHGPP6'ORQJE\PP6'
ZLGHZKLOHIHPDOHVZHUHPP6'ORQJDQGPP6'ZLGH$SSHQGL[&%DVHGRQ
WKHVHILQGVWDUVRPHWDWDUVXVOHQJWKDQGZLGWKRI0RRQ3\UDPLGDQG6XQ3\UDPLGHDJOHV7DEOHZHUH
SORWWHGLQWRDJUDSKWRDFFXUDWHO\GLVWLQJXLVKWKHLUVH[RQFHDGXOWVWDWXUHZDVUHDFKHG)LJXUH%DVHG
RQWKLVILYHIHPDOHDQGQLQHPDOHHDJOHVZHUHLGHQWLILHG2WKHULQGLFDWRUVRIVH[VXFKDVWKHPRUSKRORJ\

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RIWKHWDUVRPHWDWDUVXVHVSHFLDOO\LQWKHPXVFOHPDUNLQJVDQGUREXVWQHVVRIWKLVERQHZHUHXWLOL]HGZKHQ
ERQHPHDVXUHPHQWVZHUHQRWREWDLQHG
2YHUDOOPDOHDQGIHPDOHGLVWULEXWLRQZDVIDLUO\HTXDOWKURXJKRXWWKHGLIIHUHQWFRQWH[WVZLWKWHQ
PDOHVDQGWHQIHPDOHVSRVVLEOHIHPDOHVLQFOXGHG(QWLHUURFRQWDLQHGDIHZPRUHIHPDOHVWKDQPDOHV
ZKLOHLWZDVIDLUO\GLYLGHGLQWKHFDVHRI(QWLHUUR)LJXUH7KHRQHLQGLYLGXDOIRXQGLQ(QWLHUUR
ZDVQRWVH[HGDQGWKHRQO\HDJOHGHSRVLWHGLQ2IUHQGDRIWKH6XQ3\UDPLGZDVLGHQWLILHGDVDPDOH
(DJOHVNHOHWRQVUHDFKDGXOWVL]HYHU\UDSLGO\JURZLQJWRWKHLUFRPSOHWHDGXOWVL]HE\WR
ZHHNVRIDJH:DWVRQDURXQGWKHWLPHWKDWHDJOHVFRPSOHWHWKHLUQHVWOLQJSHULRG7KLVZDV
SUREDEO\ZK\WKHPDMRULW\RIWKHVNHOHWRQVIRXQGLQWKHRIIHULQJZHUHRIDGXOWVWDWXUHʊKRZHYHUWKLV
GRHVQRWQHFHVVDULO\PHDQWKHUDSWRUVKDGUHDFKHGVH[XDOPDWXULW\DWILYHWRVL[\HDUVRIDJH<RXQJHU
LQGLYLGXDOVZHUHRQO\GLVFRYHUHGLQ(QWLHUURDQGDUHGLVFXVVHGLQIXUWKHUGHWDLO$JDLQ,VWUHVVWKDWWKH
KLJKIUHTXHQF\RILQGLYLGXDOVLGHQWLILHGDVDGXOWLQVWDWXUHDFURVVRIIHULQJFRQWH[WVGRHVQRWQHFHVVDULO\
PHDQWKH\ZHUHDOOPDWXUHDGXOWV,QIDFWWKHKLJKIUHTXHQF\RILQIDQWMXYHQLOHDQG\RXQJDGXOWVDPRQJ
RWKHUVSHFLHVVXJJHVWVWKDW\RXQJHULQGLYLGXDOVZRXOGKDYHEHHQHDVLHUWRWDPHPDLQWDLQDQGZRXOGKDYH
EHHQRSWLPDOIRUXVHLQVDFULILFLDOULWXDOV(WKQRJUDSKLFDFFRXQWVUHFRUGELUGVVDFULILFHGXSRQUHDFKLQJ
SULPHSOXPDJHDWDURXQGD\HDURIDJH0F.XVLFN7KXVWKLVDJHGLVWULEXWLRQZDVSUREDEO\DPHUH
FRQVHTXHQFHRIWKHGLIILFXOWLHVLQGLVWLQJXLVKLQJ\RXQJHUHDJOHVIURPPDWXUHDGXOWV
Moon Pyramid: Entierro 2 
$OOHDJOHVGHSRVLWHGLQ(QWLHUURZHUHSULPDU\GHSRVLWV7KHRQO\H[FHSWLRQVZHUH(OHPHQWR
WKDWZDVFRPSRVHGRIMXVWWKHOHIWXOQDDQGUDGLXVDQG(OHPHQWRZKLFKLQFOXGHGDFODZIURPGLJLW,RU
,,$VWKHRQO\HDJOHPLVVLQJWKHWZRZLQJHOHPHQWVZDV(OHPHQWRWKHERQHVRI(OHPHQWRZHUH
SUREDEO\IURPWKLVUDSWRU6HYHUDOHDJOHVGLGQRWKDYHDFRPSOHWHVHWRIFODZVVXJJHVWLQJWKDW(OHPHQWR
SHUWDLQVWRDQRWKHUQHDUE\ELUG7KHUHIRUHDOWKRXJKWKHUHZHUHHOHYHQ(OHPHQWRQXPEHUVDVVLJQHGWR
HDJOHVWKH01,FRXQWWRWDOHGQLQH
0DWHULDOVIURP(QWLHUURWHQGHGWREHIDLUO\ZHOOSUHVHUYHGDOORZLQJIRUFRPSOHWHUHFRQVWUXFWLRQ
DQGUHFRUGLQJRIVXUIDFHPRGLILFDWLRQV'HVSLWHFDUHIXOH[DPLQDWLRQQRVLJQLILFDQWVXUIDFHIHDWXUHV
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DOOXGLQJWRWKHFDXVHRIGHDWKZHUHLGHQWLILHG7KLVHYLGHQFHIXUWKHUVWUHQJWKHQVWKHDUJXPHQWWKDWWKHVH
LQGLYLGXDOVUHSUHVHQWFRPSOHWHLQGLYLGXDOVVDFULILFHGin situ2QVLWHGUDZLQJVDQGSKRWRJUDSKVUHFRUGHG
ERG\RULHQWDWLRQDQGPDQQHURIGHSRVLWLRQPRVWUDSWRUVZHUHGHSRVLWHGDOPRVWLQEXQGOHIRUPZLWKWKHLU
ZLQJVDQGIHHWMRLQHG2EYLRXVO\DQ\UHVWULFWLYHGHYLFHZRXOGQRWSUHVHUYHEXWWKHSUHVHQFHRIFDJHG
DQLPDOVIURPWKLVVDPHFRQWH[WIXUWKHUVWUHQJWKHQVWKHDUJXPHQWWKDWOLYHDQLPDOVZHUHSUHVHQWLQWKH
GHGLFDWRU\FKDPEHU
(QWLHUURZDVWKHRQO\FRQWH[WZLWK\RXQJHDJOHV,QPRVWFDVHVWKHWKLQLQWHURUELWDOWLVVXHZDV
FRPSOHWHO\GHVWUR\HGPDNLQJLWLPSRVVLEOHWRXWLOL]HLQWHURUELWDOIHQHVWUDFORVXUHDVDXVHIXOLQGLFDWRUIRU
DJH+RZHYHU(OHPHQWRVWLOOPDLQWDLQHGDVPDOOIUDJPHQWZLWKHYLGHQFHIRUWKHSUHVHQFHRIWKLV
RSHQLQJUHVXOWLQJLQLWVGHVLJQDWLRQDVD\RXQJDGXOW7KLVLQGLYLGXDODOVRFRQWDLQHGDULJKWLQQRPLQDWHRI
DVPDOOPDPPDOSHUKDSVDURGHQWWKDWZDVSUREDEO\LQLWVVWRPDFK
2QHLQGLYLGXDO(OHPHQWRZDVLGHQWLILHGDVDQLQIDQWRUMXYHQLOH7KHWDUVRPHWDWDUVXV
PHDVXUHPHQWVKDGWKHEUHDGWKRIDQDGXOWVSHFLPHQEXWKDGQRWUHDFKHGLWVIXOOOHQJWK)LJXUH
VXJJHVWLQJWKDWWKHLQGLYLGXDOZDVIDLUO\\RXQJSUREDEO\DURXQGDPRQWKDQGDKDOIWRWZRPRQWKVRIDJH
$WWKLVDJHWKHHDJOHZRXOGVWLOOEHQHVWLQJZKLFKLQGLFDWHVLWPXVWKDYHEHHQFDXJKWGLUHFWO\IURPWKH
QHVW7KLVLQGLYLGXDOZDVDFRPSOHWHSULPDU\GHSRVLWWKDWLQFOXGHGDUDEELWLQLWVGLJHVWLYHWUDFW7KH
VWRPDFKFRQWHQWVFRQWDLQHGYDULRXVFUDQLDODQGSRVWFUDQLDOIUDJPHQWVVRPHRIZKLFKKDGHYLGHQFHRI
EXUQLQJ6XFKUHPDLQVDJDLQFRQILUPWKHSUHVHQFHRIDUWLILFLDOIHHGLQJRIWKHVHVSHFLDOL]HGFDUQLYRUHV
$IHZHDJOHVIURPWKLVFRQWH[WDOVRH[KLELWHGSDWKRORJLHVLQGLFDWLQJWUDXPDDQGQXWULWLRQDO
GHILFLHQFLHV7KHVHPDUNHUVZHUHXWLOL]HGWRDUJXHWKHVHUDSWRUVZHUHNHSWLQFDSWLYHPDQDJHPHQW
(OHPHQWRDSRVVLEOHMXYHQLOHLGHQWLILHGE\WKHJHQHUDOVPDOOHUVL]HRIWKHVNHOHWRQH[KLELWHGD
SDWKRORJ\7KLVLQGLYLGXDO¶VULJKWWLELRWDUVXVERQHZDVGLIILFXOWWRUHFRQVWUXFWPDLQO\EHFDXVHWKHWKLQQHG
UHPRGHOHGERQHSUREDEO\PDGHLWPRUHVXVFHSWLEOHWREUDNHDJH1RQHWKHOHVVHQRXJKRIWKHERQHZDV
SUHVHQWWRUHFRJQL]HWKHGHIRUPLW\ZLWKQHZZRYHQERQHGHSRVLWHGDORQJWKHGLVWDOVKDIW)LJXUH
7KLVZDVSUREDEO\WKHUHVXOWRIDKHDOHGIUDFWXUHWKDWZRXOGKDYHEHHQDSDLQIXOLQMXU\7KLVZRXQGZRXOG
KDYHDIIHFWHGWKLVFDUQLYRURXVKXQWHUDVWKHGLVDEOHGOHJZRXOGKDYHPDGHLWGLIILFXOWWRFDWFKSUH\
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
)LJXUH7LELRWDUVXVERQHRIDQHDJOH(OHPHQWRZLWKDSDWKRORJ\FLUFOH

8QGRXEWHGO\WKLVLQGLYLGXDOVXUYLYHGWKHZRXQGUHFRYHULQJUDSLGO\DVELUGVJHQHUDOO\KDYHIDVWHU
KHDOLQJFDSDELOLW\DVLWSURGXFHVODUJHDPRXQWVRIFDOOXV6HUMHDQWVRQ
7KLVHDJOHOLNHPDQ\RWKHUVFRQVXPHGDUDEELWSULRUWRLWVVDFULILFH7ZRKLQGOLPEFKXQNVZHUH
SUREDEO\IHGDVRQO\SRVWHULRUOLPEERQHVZHUHIRXQGLQWKHVWRPDFK*DVWULFHWFKLQJRQWKHVHERQHV
FRQILUPVWKH\ZHUHLQWKHVWRPDFKDQGQRWPHUHO\IRXQGDVVRFLDWHGZLWKWKHDQLPDO)UDJPHQWVRIDVPDOO
DYLDQVSHFLHVDQGDOHIWXOQDRIDButeoVSZHUHDOVRPL[HGLQZLWKWKHVHERQHV,WLVSRVVLEOHWKDWWKH
HDJOHFRQVXPHGDZLQJRIWKLVKDZN+RZHYHUEHFDXVHWKH\UHSUHVHQWSDUWRIWKHZLQJZKHUHPDQ\RI
WKHSUHFLRXVIHDWKHUVRIWKLVUDSWRUDWWDFKHVDQGEHFDXVHRWKHUButeoVSERQHVKDYHEHHQLGHQWLILHGDVSDUW
RIWKHRIIHUWRU\UHPDLQVIURPWKHVDPHRIIHULQJ,VSHFXODWHWKHKDZN¶VZLQJERQHVZHUHDFFLGHQWO\PL[HG
LQWRWKHVDPHEDJGXHWRLWVSUR[LPLW\WRWKHHDJOHVNHOHWRQ
$QRWKHULQGLYLGXDO(OHPHQWRIXUWKHUDGGHGWRWKHHYLGHQFHRILQMXUHGUDSWRUV7KLVHDJOH
ZDVLGHQWLILHGDVDPDOHDQGDSRVVLEOHMXYHQLOHGXHWRLWVVPDOOHUVL]H,WVOHIWILEXODRQWKHSUR[LPDOVKDIW
SUHVHQWHGERQHUHPRGHOLQJSRVVLEO\IURPDIUDFWXUHRULQIHFWLRQDORQJWKLVSRLQW7KLVSRUWLRQRIWKH
HDJOHLVEDUHZLWKRQO\VPDOOWDUVLIHDWKHUVDQGDQ\LQMXU\FDQTXLFNO\LQIHFWWKHERQHV7KHWKLQILEXODLQ
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SDUWLFXODUFDQHDVLO\EHIUDFWXUHGDQGZRXOGKDYHEHHQDSRVVLEOHPHWKRGIRUFRQVWUDLQLQJWKHDQLPDO¶V
PRYHPHQWSDUWLFXODUO\LWVFODZVWKDWDUHYHU\GDQJHURXV
&DSWLYHEHKDYLRUFDQDOVREHGHWHFWHGE\WKHRYHUDOOKHDOWKDQGQXWULWLRQRIWKHDQLPDO2QHHIIHFW
RIEHLQJFRQILQHGWRDSHQDQGDUDGLFDOVKLIWLQLWVGLHWLVWKHWKLQQLQJRIERQHRURVWHRSRURVLVFDXVHGE\
HLWKHUYLWDPLQ'GHILFLHQF\DQGRUDQXWULWLRQDOVWUDLQ7KLVZDVUHFRUGHGRQ(OHPHQWRZKRVHXOQDRQ
ERWKZLQJVGHPRQVWUDWHGFRQVLGHUDEOHWKLQQLQJ7KHXOQDEHLQJRQHRIWKHZLQJHGHOHPHQWVZLWKPDMRU
IHDWKHUDWWDFKPHQWVLWLVSRVVLEOHWKDWWKLVVWUHVVZDVFRPSRXQGHGLIWKHLUKLJKO\SUDLVHGIHDWKHUVZHUH
URXWLQHO\SOXFNHGZKLFKPD\KDYHFDXVHGWKHUHFRUGHGSDWKRORJLFDODQRPDO\
6HYHUDOUDSWRUVFRQVXPHGDOLPHQWVSULRUWRWKHLUVDFULILFH,QWRWDOWKUHHLQGLYLGXDOVKDGUDEELWV
DQGVRPHWLPHVRWKHUVPDOOPDPPDORUDYLDQUHPDLQVLQWKHLUVWRPDFK7KLVLVDSDWWHUQIRXQGQRWRQO\
DPRQJWKHUDSWRUVIURPWKLVFRQWH[WEXWDOVRDPRQJWKHPDPPDOLDQVSHFLHVVDFULILFHGVHHGLVFXVVLRQLQ
VWRPDFKFRQWHQWVHFWLRQ,QWHUHVWLQJO\PDQ\RIWKHVDPHFKDUDFWHULVWLFVWKDWGHPRQVWUDWHVRPHRIWKH
HDJOHVIURP(QWLHUURZHUHNHSWLQFDSWLYLW\ZHUHSUHVHQWDPRQJWKHHDJOHVGHSRVLWHGLQ(QWLHUUR
Moon Pyramid: Entierro 6 
(DJOHVIURP(QWLHUURZHUHIRXQGLQWZRZD\VHLWKHUDVFRPSOHWHSULPDU\EXULDOVRUDV
VHFRQGDU\EXULDOVFRQVLVWLQJRIHLWKHUIDLUO\FRPSOHWHORRNLQJVSHFLPHQVRUMXVWWKHLUH[WUHPLWLHV
&RPELQHGZLWKWKHLVVXHRISUHVHUYDWLRQGLVWLQJXLVKLQJEHWZHHQWKHWZRW\SHVRIGHSRVLWLRQZDVQRW
DOZD\VDSSDUHQW3ULPDU\EXULDOVVRPHWLPHVZHUHEDGO\SUHVHUYHGDQGPDQ\RIWKHVHFRQGDU\EXULDOV
ORRNHGIDLUO\FRPSOHWHEXWKDGIDWDOZRXQGVDQGHYLGHQFHIRUPRGLILFDWLRQ0DQ\UDSWRUVWKDWZHUH
LQLWLDOO\LGHQWLILHGDVFRPSOHWHSULPDU\EXULDOVZHUHWKXVUHDVVHVVHGXSRQPRUHFDUHIXOUHYLVLRQ7KLV
HYLGHQFHVXJJHVWVWKDWDORQJZLWKOLYHHDJOHVWKHUHZHUHUDSWRUVWKDWXQGHUZHQWH[WHQVLYHSUHSDUDWLRQDV
IHDWKHUVRUPHDWZHUHH[WUDFWHGSRVWPRUWHP,QVRPHFDVHVUDSWRUVZHUHLQWHQWLRQDOO\SUHSDUHGWRORRN
FRPSOHWHSRVVLEO\HYHQSUHSDUHGE\WD[LGHUPLVWV'XHWRWKLVXQFOHDUERXQGDU\LQWKLVVHFWLRQ,GLVFXVV
WKHUHVXOWVRIDOOHDJOHUHPDLQVLQFOXGLQJVHFRQGDU\GHSRVLWVSDUWLFXODUO\EHFDXVHERWKW\SHVRIGHSRVLWLRQ
KDGWKHVDPHVXUIDFHPRGLILFDWLRQV,QVRGRLQJ,DUJXHWKDWWKHVHVHFRQGDU\EXULDOVXQGHUZHQWWKHVDPH
ULWXDOL]DWLRQSURFHVVDVWKHOLYHHDJOHVSDUWLFLSDWLQJLQWKHVWDWHVSHFWDFOH
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7KHUHLVQRGLVFHUQLEOHSDWWHUQLQJZKHUHWKHFRPSOHWHYHUVXVVHFRQGDU\HDJOHVZHUHSODFHGLQWKLV
FKDPEHUEXWKDOIZHUHFRPSOHWHZKLOHWKHRWKHUKDOIZDVQRWQLQHLQGLYLGXDOVHDFK7DEOH7KHUHLV
KRZHYHUDQDSSDUHQWIRFXVRQFRPSOHWHLQGLYLGXDOVIRXQGRQWKHVRXWKZHVWHUQFRUQHURIWKHRIIHULQJ
FKDPEHUQRWRQO\RIHDJOHVEXWRIFDQLGVDQGIHOLGVGHSRVLWHGVXSHULPSRVHGVLPLODUWRWKHPRXQGRI
KXPDQVDFULILFLDOYLFWLPVSLOHGLQWKHQRUWKZHVWHUQFRUQHURIWKHVDPHFDFKH7KHUDWLRRIPDOHWRIHPDOH
HDJOHVLQWKLVFRQWH[WZDVIDLUO\HTXDOZLWKVHYHQPDOHVDQGVL[SRVVLEOHIHPDOHVLGHQWLILHGRXWRIWKH
HLJKWHHQLQGLYLGXDOVGHSRVLWHG
 8QOLNH(QWLHUURQRQHRIWKHUDSWRUVZHUHGLVWLQJXLVKHGDVQRQDGXOWLQVWDWXUH'XHWRWKHUDSLG
JURZWKRIWKHUDSWRUUHDFKLQJDGXOWVL]HIDLUO\TXLFNO\WKLVVLPSO\PHDQVDOOWKHLQGLYLGXDOVZKHUHDJH
FRXOGEHLGHQWLILHGZHUHRYHUWKUHHPRQWKVROG7KLVLVQRWVXUSULVLQJDVWKHUHLVRQO\DVKRUWZLQGRZRI
RSSRUWXQLW\WKDWWKHULWXDOZRXOGKDYHWRWDNHSODFHWRLQFOXGH\RXQJVWDWXUHGUDSWRUV7KXVQRGLUHFW
LQGLFDWRURIWKHVHDVRQLQZKLFKWKHULWXDOWRRNSODFHZDVJDWKHUHG
 7XUQLQJWRLQIRUPDWLRQFRQFHUQLQJWKHLQGLYLGXDOOLIHKLVWRULHVRIWKHUDSWRUVHDJOHVNHOHWRQVZHUH
KLJKO\YDULDEOHVRPHLQGLYLGXDOVFRQWDLQHGSDWKRORJLFDOLQGLFDWRUVRIEHLQJNHSWLQFDSWLYLW\RWKHUVKDG
YDU\LQJTXDQWLWLHVRIFXWPDUNVDQGRWKHULQGLFDWLRQVRIPDQLSXODWLRQRIWKHFRUSVHDQGVRPHLQGLYLGXDOV
FRQWDLQHGVWRPDFKFRQWHQWV7KLVYDULDWLRQPRVWFHUWDLQO\RULJLQDWHVIURPWKHPHUHODUJHQXPEHURI
LQGLYLGXDOVWKDWZHUHGHSRVLWHGLQWKLVRQHFRQWH[WHLJKWHHQLQWRWDOZKLFKLVQRWDQHDV\IHDWWR
DFFRPSOLVK+HUHVHYHUDOH[DPSOHVDUHSUHVHQWHGUHFRQVWUXFWLQJKRZHDFKHDJOHPD\KDYHEHHQNHSWDQG
PRGLILHGSULRUWRLWVILQDOGHSRVLWLRQLQWRWKHRIIHUWRU\FKDPEHU
3ULPDU\%XULDOV
1LQHRIWKHHDJOHVIRXQGLQWKLVFRQWH[WZHUHDVVLJQHGDVFRPSOHWHSULPDU\EXULDOV0RVWRIWKHVH
HDJOHVZHUHSRVLWLRQHGRQWKHLUVLGHVXSHULPSRVHGH[WUHPLWLHVDVLIWKH\ZHUHERXQGWRUHVWULFWPRYHPHQW
/LNHWKHIHOLGVPXOWLSOHHDJOHVQ GLVSOD\HGSDWKRORJLFDOLQGLFDWRUVRIVWUHVVDQGGLVHDVHWKDWOHGWRWKH
LQWHUSUHWDWLRQWKDWWKHVHHDJOHVPD\KDYHDOVREHHQNHSWLQFRQILQHPHQWIRUSURORQJHGSHULRGVRIWLPH
7KUHHRIWKHHDJOHVIRUH[DPSOHGHPRQVWUDWHGHIRUPDWLRQRQWKHPHGLDOVLGHRIWKHLU
WDUVRPHWDWDUVXVERQHZKLFKLVWKHLUOHJERQH)RUH[DPSOH(OHPHQWR)LJXUHDLOOXVWUDWHG
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
)LJXUH0HGLDOYLHZRIHDJOHWDUVRPHWDWDUVXVERQHVZLWKSDWKRORJLFDOGHIRUPDWLRQD(OHPHQWR
OHIWVLGHE(OHPHQWRULJKWVLGHDQGF(OHPHQWRULJKWVLGH

WKLVDQRPDO\RQLWVOHIWOLPEWKDWORRNVOLNHDQLQIHFWLRQWKDWFDXVHGWKHVPRRWKDQGVWUDLJKWVXUIDFHRIWKH
ERQHWREHFRPHURXQGHGSRURXVDQGLQIODWHG7KHUHVWRIWKHVNHOHWRQGLGQRWFRQWDLQDQ\RWKHU
DEQRUPDOLWLHV$VVRFLDWHGZLWKWKLVLQGLYLGXDOWKHUHPDLQVRIDQHDVWHUQFRWWRQWDLOUHSUHVHQWHGE\VHFWLRQV
RIWKHWZRKLQGOLPEVZHUHGLVFRYHUHGLQWKHDEGRPLQDOFDYLW\
,QWHUHVWLQJO\(OHPHQWRGLVSOD\VDVLPLODUGHIRUPLW\RQWKHOHIWWDUVRPHWDWDUVXVERQH
)LJXUHF/LNH(OHPHQWRWKLVHDJOHDOVRFRQVXPHGDUDEELWWKLVWLPHDGHVHUWFRWWRQWDLO
LQFOXGLQJLWVIRUHOLPEVSDUWRIWKHYHUWHEUDDQGWKHFUDQLXP$VWKHWKLUGUDSWRUSUHVHQWLQJWKLVVDPH
SDWKRORJ\ZDVQRWRIDSULPDU\EXULDOLWVOLIHKLVWRU\LVGLVFXVVHGLQWKHVXEVHTXHQWVHFWLRQ(OHPHQWR
)LJXUHE+HUH,RQO\KLJKOLJKWWKHVLPLODULW\LQWKHSDWKRORJ\DQGVWUHVVWKDWWKHVRXUFHRIWKLV
LQIHFWLRQZDVWKHVDPHLQERWKW\SHVRIGHSRVLWLRQ
$SRVVLEOHH[SODQDWLRQIRUWKLVSDWKRORJLFDOPDUNHULVWKDWUHSHWLWLYHDQGORQJWHUPIULFWLRQDORQJ
WKHPHGLDOVKDIWRIWKHOHJZDVFDXVHGE\EHLQJWHWKHUHGGXULQJFRQILQHPHQW0RGHUQ]RRORJLFDOOLWHUDWXUH
VXSSRUWWKLVK\SRWKHVLVDV$PHULFDQNHVWUHOVFalco sparveriusILWWHGZLWKVWDQGDUGMHVVHVZHUHUHSRUWHG
WRFDXVH³WUDXPDWLFVORXJKLQJRIWKHHSLGHUPDOVFDOHVRQWKHOHJV´%ULVELQDQG:DJQHU(YHQ
ZKHQVZLWFKLQJWROHDWKHUMHVVHVRQVFUHHFKRZOVOtus asioWKHWDUVLIHDWKHUVZHUHUHPRYHGIURPWKH
151
FRQVWDQWIULFWLRQ%ULVELQDQG:DJQHU*ROGHQHDJOHVDOVRFRQWDLQVPDOOWDUVLIHDWKHUVDQG
ZRXOGKDYHFRPSOLFDWHGDQ\LQMXU\LQIHFWLRQDVWKHIHDWKHUVZRXOGKDYHFORWWHGWKHEORRGIURPWKHFXWWLQJ
DQGDEUDVLRQ:KLOHWKHPHWKRGRIFDSWLYLW\IRUWKHHDJOHSRSXODWLRQDW7HRWLKXDFDQLVQRWXQGHUVWRRG
HWKRQRKLVWRULFDOUHFRUGVVXJJHVWLWLVOLNHO\WKH\ZRXOGKDYHEHHQWHWKHUHGWRSHUFKHVVHH&KDSWHUD
SDWWHUQWKDWLVVXSSRUWHGE\WKHSUHVHQWSDWKRORJLFDOLQGLFDWRUV
7KHPRVWGDQJHURXVZHDSRQRIDQHDJOHZHUHWKHLUWDORQVDQGSHUKDSVWKLVLVZK\DQRWKHU
SDWKRORJ\ZDVUHFRUGHGRQDSKDODQJHRI(OHPHQWRDIHPDOHHDJOHSODFHGRQWKHVRXWKZHVWFRUQHU
RIWKHRIIHULQJFKDPEHU)LJXUH2QO\SDUWRIWKHHDJOH¶VVNHOHWRQSUHVHUYHGEXWDSDWKRORJ\ZDV
UHFRUGHGRQWKHOHIWSUR[LPDOSKDODQJHRQGLJLWRQH,QDGGLWLRQWKHWDORQRQWKLVGLJLWLVPLVVLQJ7KH
SUHVHQFHRIDOOWKHRWKHUSKDODQJHVDQGWDORQVRQERWKVLGHVLQFOXGLQJVRPHRIWKHVPDOOHUERQHVOLNHLWV
IRXUWKGLJLWVXJJHVWVWKDWWKLVFODZZDVDEVHQW,IWKHSDWKRORJ\ZDVWKHUHVXOWRIDQLQMXU\RQMXVWWKH
SUR[LPDOSKDODQJHWKHWDORQZRXOGKDYHIXVHGWRWKHSKDODQJH7RWKHFRQWUDU\LWVDEVHQFHVXJJHVWVWKDW
WKHFODZRIWKHILUVWGLJLWREYLRXVO\WKHPRVWGDQJHURXVWDORQZDVFKRSSHGRIIDIIHFWLQJWKHGLVWDO
DUWLFXODUHQGRIWKHSUR[LPDOSKDODQJH6XFKDQLQWHUSUHWDWLRQVWUHQJWKHQVWKHREVHUYDWLRQVPDGHRQRWKHU
UDSWRUVWKDWWKH\FDPHLQWRFORVHFRQWDFWZLWKKXPDQVGXULQJWKHLUFDSWXUHDQGFRQILQHPHQW
$QRWKHUDEQRUPDOLW\ZDVREVHUYHGRQWKHOHIWZLQJRI(OHPHQWRLQWHUSUHWHGDVDQ
LQIHFWLRXVGLVHDVHRQLWVZLQJ7KHOHIWKXPHUXVFRQWDLQHGDVSLUDOIUDFWXUHWKDWUDQDORQJWKHVKDIWZKHUH
FRQVLGHUDEOHWKLQQLQJZDVREVHUYHG)LJXUHD$WILUVWGXHWRWKHVSLUDOIUDFWXUHLWZDVDVVXPHGLW
ZDVFDXVHGE\WDSKRQRPLFDOSURFHVVHVEXWWKHUDGLXVDQGXOQDDOVRH[KLELWHGVLPLODUSDWKRORJLHV
VXJJHVWLQJWKDWSRUWLRQVRIWKHOHIWZLQJZHUHDIIHFWHGE\VRPHXQGHWHUPLQHGLQIHFWLRXVGLVHDVH)LJXUH
E$IUDJPHQWRIWKHSUR[LPDOVKDIWRIWKHUDGLXVZDVFRYHUHGZLWKQHZZRYHQERQHDQGSXV
FDXVLQJDOXPS\VXUIDFH8QIRUWXQDWHO\WKHSUR[LPDOHQGRIWKHFRUUHVSRQGLQJXOQDFRXOGQRWEH
UHFRQVWUXFWHGEXWWKHIUDJPHQWHGVKDIWKDGDUHDVZLWKQHZZRYHQERQH0RVWOLNHO\WKHLQIHFWHGDUHD
ZDVWKLQQHGDQGFRUURGHGQHZZRYHQERQHWKDWLVPXFKPRUHVXVFHSWLEOHWRWKHKDUVKWDSKRQRPLFDO
FRQGLWLRQRIWKHEXULDOHQYLURQPHQWUHVXOWHGLQLWVDEVHQFH$QLQIHFWLRXVGLVHDVHSUREDEO\DIIHFWHGWKH
OHIWKXPHUXVDQGSUR[LPDOORZHUZLQJHOHPHQWV,WLVGLIILFXOWWRGHWHUPLQHWKHFDXVHRIWKLVSDWKRORJLFDO
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
)LJXUH3UR[LPDOSKDODQJHGLJLW,OHIWVLGHRI(OHPHQWRZLWKSDWKRORJ\

)LJXUH/HIWZLQJRI(OHPHQWRZLWKSDWKRORJLHVRILQIHFWLRXVGLVHDVHDKXPHUXVZLWK
WKLQQLQJDURXQGVSLUDOIUDFWXUHEXOQDDQGUDGLXVZLWKVLPLODUSDWKRORJ\DQGLQWKHFDVHRIWKH
SUR[LPDOVKDIWRIWKHUDGLXVSXVDQGUHPRGHOLQJ
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SDWWHUQEXWZHFDQDVVXPHFDSWLYHEHKDYLRULQFUHDVHVWKHSUREDELOLW\RILQIHFWLRXVGLVHDVHGXHWR
DOLPHQWDODQGQXWULWLRQDOVWUHVVGHELOLWLHVFDXVHGE\IHDWKHUSOXFNLQJYLWDPLQ'GHILFLHQF\DQGVWUHVV
SDWWHUQEXWZHFDQDVVXPHFDSWLYHEHKDYLRULQFUHDVHVWKHSUREDELOLW\RILQIHFWLRXVGLVHDVHGXHWR
DOLPHQWDODQGQXWULWLRQDOVWUHVVGHELOLWLHVFDXVHGE\IHDWKHUSOXFNLQJYLWDPLQ'GHILFLHQF\DQGVWUHVV
IURPUHVWULFWHGPRYHPHQWV,QVXFKDVFHQDULRWKHZLQJVZRXOGEHPRVWVXVFHSWLEOHWRGLVHDVHGXHWR
IHDWKHUSOXFNLQJFDXVLQJH[WHQVLYHHQHUJHWLFVWUDLQDQGEHFDXVHWKH\ZHUHSUREDEO\UHVWULFWHGIURPIOLJKW
7KHODVWH[DPSOHRIDSRVVLEOHSDWKRORJ\RQWKHVNHOHWRQUHVHPEOHVWKDWGHVFULEHGDERYHIRU
(OHPHQWREXWLVH[KLELWHGRQWKHULJKWIHPXURI(OHPHQWR,WVIHPXUFOHDUO\GHPRQVWUDWHV
GLVFRORUDWLRQDQGWKLQQLQJRQWKHDUWLFXODUVKDIWRIERWKHQGV7KLVW\SHRIGLVFRORUDWLRQDQGWKLQQLQJPD\
EHWKHUHVXOWRIWDSKRQRPLFDOSURFHVVHVSRVVLEO\GLIIHUHQWLDOKXPLGLW\RUH[SRVXUH+RZHYHUGXHWRWKH
VLPLODULW\REVHUYHGZLWKWKH(OHPHQWRLWLVSRVVLEOHWKDWWKLVDQRPDO\LQGLFDWHVDSDWKRORJ\
SRVVLEO\DQLQIHFWLRXVGLVHDVHWKDWSDUWLFXODUO\DIIHFWVWKHMRLQWV
,QRQHFDVHGHHSFXWPDUNVRQWKHHGJHVRIWKHGLVWDODUWLFXODUVXUIDFHRIERWKWLELRWDUVXVZHUH
LGHQWLILHGRQ(OHPHQWR)LJXUH:K\WKHVHFXWVZHUHSUHVHQWLVXQFHUWDLQEXWLWLVZRUWK
FRQVLGHULQJWKHDQDWRP\RIWKHHDJOHWRLQWHUSUHWWKHVHPRGLILFDWLRQV7KHGLVWDOWLELRWDUVXVLVUHODWLYHO\
EDUHZLWKKDUGO\DQ\PHDWDVWKHWDUVRPHWDWDUVXVERQHLVFRYHUHGRQO\E\HSLGHUPDOVFDOHV6RPHRIWKH
WDUVLIHDWKHUVPD\EHSUHVHQWEXWWKHVHIHDWKHUVFRXOGEHSOXFNHGLIQHFHVVDU\$PRUHOLNHO\VFHQDULRLV
WKDWWKHDUWLFXODUVXUIDFHZDVFXWWRLQMXUHRQHRIWKHPRVWGDQJHURXVZHDSRQWKHHDJOH¶VORQJDQGVWURQJ
WDORQV&XWWLQJDORQJWKHPHGLDODQGODWHUDOVLGHVRIWKHWLELRWDUVXVWKURXJKWKHWRXJKWHQGRQVZRXOGPDNH
LWVKLQGOLPEVLPPRELOHDQGPXFKHDVLHUWRKDQGOH7KHDEVHQFHRIDQ\FOHDUVLJQVRIUHPRGHOLQJDURXQG
WKHFXWPDUNVVXJJHVWVWKLVZDVLQIOLFWHGUHODWLYHO\FORVHWRWKHWLPHRIGHDWKDOWKRXJKLWZDVSUREDEO\QRW
WKHFDXVHRIGHDWK
:KLOHVRPHLQGLYLGXDOVH[KLELWHGLQWHUHVWLQJVXUIDFHPRGLILFDWLRQVWKDWUHFUHDWHGWKHFRPSOH[OLIH
KLVWRULHVRIWKHLQGLYLGXDOVRWKHUVZHUHVLPSO\LGHQWLILHGDVSULPDU\GHSRVLWVZLWKQRRWKHULQIRUPDWLRQ
(OHPHQWRVDQG7KHVHFDVHVGHPRQVWUDWHVWKDWWKHVHHDJOHVZHUHRID³ZLOG´

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
)LJXUH'LVWDODUWLFXODUVXUIDFHRIDOHIWWLELRWDUVXVRIHDJOH(OHPHQWRZLWKGHHSFXW
PDUNV

SRSXODWLRQRUWKHLULQWHUDFWLRQVZLWKWKH7HRWLKXDFDQRVGLGQRWDIIHFWWKHRVVHRXVUHPDLQV7KLVLVZK\
VNHOHWDOLVRWRSLFGDWDZDVXVHGWRVXSSOHPHQWWKHSDWKRORJLFDOLQGLFDWRUVRIFDSWLYLW\
6HFRQGDU\%XULDOV
 6HYHUDOLQGLYLGXDOVGHPRQVWUDWHGH[WHQVLYHSUHSDUDWLRQSURFHGXUHVRFFXUUHGSULRUWRLWV
GHSRVLWLRQGHVSLWHWKHIDLUO\FRPSOHWHQDWXUHRIWKHVNHOHWDOUHPDLQV$UFKDHRORJLFDODQGPRGHUQ
FROOHFWLRQVZHUHXWLOL]HGDVPRGHOVWRUHFRQVWUXFWPDQXIDFWXUHSURFHGXUHV
 &XWPDUNVLQGLFDWHSUHSDUDWLRQVWUDWHJLHVDQGVHYHUDOLQGLYLGXDOVH[KLELWHGYDULRXVTXDQWLWLHVRI
FXWPDUNV)RUH[DPSOH(OHPHQWRZDVDFRPSOHWHLQGLYLGXDOWKDWRQWKHRIIVHWORRNHGOLNHD
SULPDU\EXULDO+RZHYHURQFHWKHHQWLUHVNHOHWRQZDVUHFRQVWUXFWHGDQGFDUHIXOH[DPLQDWLRQRIVXUIDFH
PRGLILFDWLRQVZDVFRPSOHWHGLWEHFDPHDSSDUHQWWKDWWKHUDSWRUZDVGHSRVLWHGSRVWPRUWHP7KHPRVW
REYLRXVPDUNHUZDVWKHODUJHRULILFHIRXQGLQWKHRFFLSLWDOUHJLRQRIWKHVNXOOQRGRXEWWRH[WUDFWWKHVRIW
WLVVXHLQWKHEUDLQFDVH)LJXUH2WKHUFXWPDUNVDORQJWKHPDUJLQVRIWKHOHIWRUELWDODUHDDVZHOODV
RQDQDFFHVVRU\ERQHQHDUWKHH\HFDYLW\GHPRQVWUDWHWKLVDUHDZDVSUREDEO\DOVRSUHSDUHGWRUHVWULFW
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
)LJXUH'RUVDOYLHZRIWKHFUDQLXPRIHDJOH(OHPHQWRZLWKODUJHRULILFHLQWKHRFFLSLWDO
UHJLRQ

URWWLQJRIVRIWWLVVXH7KHLQIHULRUVLGHRIWKHLQWHUQDODUWLFXODUSURFHVVDOVRFRQWDLQHGFOHDUFXWPDUNV2Q
WKHOHIWKXPHUXVYHU\VFDQWLQGLFDWLRQVRIFXWPDUNVZHUHIRXQGDORQJWKHSUR[LPDOVKDIW$OOWKHDERYH
LQIRUPDWLRQGHPRQVWUDWHVWKDWVHYHUDOHOHPHQWVZHUHPRGLILHGEHIRUHWKHLQGLYLGXDOZDVGHSRVLWHGLQWR
WKHRIIHUWRU\FKDPEHUSDUWLFXODUO\DUHDVZKHUHVRIWWLVVXHZRXOGKDYHEHHQH[WUDFWHG1RQHWKHOHVVWKH
FRPSOHWHDQGDUWLFXODWHGOD\RXWRIWKHVNHOHWRQVXJJHVWVWKDWRQFHWKHVRIWWLVVXHPHDWDQGRUIHDWKHUV
ZHUHH[WUDFWHGWKHVNHOHWRQZDVNHSWDUWLFXODWHGIRUILQDOGHSRVLWLRQ
0DQ\RIWKHVHFRQGDU\EXULDOVODFNHGWKHQHXURFUDQLXPDOWKRXJKWKHUHZDVYDULDWLRQLQKRZ
PXFKRIWKHQHXURFUDQLXPZDVNHSW8QOLNH(OHPHQWR(OHPHQWRFRQWDLQHGOHVVIUDJPHQWV
DVVRFLDWHGZLWKWKHQHXURFUDQLXPDQGZDVSUREDEO\FXWDORQJWKHKHLJKWRIWKHSDULHWDOIURQWDOMXQFWXUH
7KHRQO\RWKHUFXWPDUNVH[DPLQHGIURPWKLVLQGLYLGXDOZHUHIRXQGRQWKHSUR[LPDODUWLFXODUVXUIDFHRI
WKHXOQDVXJJHVWLQJWKDWFXWVZHUHLQIOLFWHGRQWKLVMXQFWXUH,QWHUHVWLQJO\VRPHRIWKHERQHVIURPWKLV
RIIHULQJFRQWDLQHGSLJPHQWVDGKHUHGRQWRWKHERQHVLQWKLVFDVHRQWKHULJKWXOQDSRVVLEO\EHFDXVHUHG
SLJPHQWZDVVSULQNOHGLQWKLVFRQWH[W
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
)LJXUH(OHPHQWDQGFXWPDUNGLVWULEXWLRQRIHDJOH(OHPHQWR*UH\GHQRWHVDUHDV
DEVHQWQRWUHFRQVWUXFWHGDQGDUURZVKLJKOLJKWDUHDVZLWKFXOWXUDOPRGLILFDWLRQV

 $QRWKHUUDSWRUKDGDGLVWLQFWSDWWHUQZLWKH[WHQVLYHFXWPDUNVWKURXJKRXWWKHFRUSVHGHVSLWHWKH
FRPSOHWHQDWXUHRIWKHVNHOHWRQ(OHPHQWRDQDGXOWPDOHHDJOHZDVGHSRVLWHGLQWKHVRXWKHDVWFRUQHU
RIWKHFKDPEHU7KLVLQGLYLGXDOFRQWDLQHGH[WHQVLYHFXWPDUNVWKURXJKRXWLWVERG\GHVSLWHWKHVHPL
FRPSOHWHVNHOHWRQ)LJXUH%HVLGHH[WHQVLYHFXWPDUNVGLVWULEXWHGWKURXJKRXWWKHVNHOHWRQDODUJH
IUDFWXUHRQWKHVNXOOFRQILUPHGWKHHDJOHZDVGHSRVLWHGSRVWPRUWHP$OWKRXJKWKHFUDQLXPZDV
IUDJPHQWDU\DQGRQO\WKHULJKWRFFLSLWDOUHJLRQFRXOGEHUHFRQVWUXFWHGLWZDVSRVVLEOHWRDVVHVVWKDWD
EORZZDVLQIOLFWHGWRWKHEDFNRIWKHVNXOOIUDFWXULQJDVHPLUHFWDQJXODURSHQLQJLQWKLVUHJLRQ
&XWPDUNVFRQFHQWUDWHGDURXQGWKHH[WUHPLWLHVSDUWLFXODUO\WKHKXPHUXVIHPXUWLELRWDUVXVDQG
ILEXOD7KH\ZHUHIRXQGHLWKHUDORQJWKHGLDSK\VLVHVSHFLDOO\DORQJPDMRUPXVFOHPDUNLQJVDQGHYHQ
DORQJWKHPLGVKDIWRIWKHKXPHUXVDQGWLELRWDUVXV5HSHWLWLYHFXWVZHUHLQIOLFWHGKRUL]RQWDOO\DPRWLRQ
WKDWPRVWUHVHPEOHVVOLFLQJWKHFDUQDJHRIIRIWKHERQHGXULQJEXWFKHULQJ<HWQRQHRIWKHFXWPDUNV
VXJJHVWWKHVNHOHWRQZDVGLVDUWLFXODWHGDVWKHDUWLFXODUVXUIDFHVKDGQRFXWPDUNV,QIDFWWRWKHFRQWUDU\
WKHUHLVHYLGHQFHWKDWWKHVHERQHVZHUHNHSWDUWLFXODWHG1RWRQO\ZDVWKHVNHOHWRQIRXQGFRPSOHWHO\
DUWLFXODWHGWKHGLVWDOHQGRIWKHXOQDFRQWDLQHGDSHUIRUDWLRQPPLQGLDPHWHUWKDWVXJJHVWWKHZLQJ
ZDVDVVHPEOHGWRSUHVHUYHDUWLFXODWLRQ

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
)LJXUH(OHPHQWDQGFXWPDUNGLVWULEXWLRQRIHDJOHVD(OHPHQWREPRGHUQFRPSDUDWLYH
HDJOHSUHSDUHGE\WD[LGHUPLVWFRYHUODSDQDO\VLVRIWKHWZRVDPSOHV$UHDLQJUH\LVDEVHQW
DUURZVKLJKOLJKWFXOWXUDOPRGLILFDWLRQV

$QRWKHUH[DPSOHRIH[WHQVLYHSUHSDUDWLRQFDQEHIRXQGRQ(OHPHQWRZKRZDVSODFHGRQ
WKHQRUWKHDVWHUQFRUQHURIWKHRIIHULQJ7KLVLQGLYLGXDOZDVUHSUHVHQWHGRQO\E\WKHKHDGWKHZLQJVDQG
WKHKLQGOLPEV)LJXUHD7KHGLVWULEXWLRQRIWKHVNHOHWRQVXJJHVWVWKDWWKHD[LDOVNHOHWRQDQGWKH
VKRXOGHUJLUGOHZHUHH[WUDFWHG<HWWKHUHPDLQLQJERQHVZHUHDUWLFXODWHGHYHQWKHVPDOOHUSKDODQJHVDQG
FODZV7KHKHDGGHPRQVWUDWHGFOHDUVLJQVRIPRGLILFDWLRQFXWWLQJWUDQVYHUVDOO\DORQJWKHFUDQLXP
GHWDFKLQJWKHEUDLQFDVH$FXWPDUNZDVDOVRSUHVHQWRQWKHOHIWPDQGLEOHRIWKLVVDPHLQGLYLGXDO,Q
DGGLWLRQDFXWPDUNZDVUHFRUGHGRQWKHULJKWUDGLXVMXVWDORQJWKHSUR[LPDOVKDIW,QWHUHVWLQJO\WKLV
LQGLYLGXDO¶VHOHPHQWGLVWULEXWLRQVWURQJO\UHVHPEOHGPRGHUQWD[LGHUPLFSUHSDUDWLRQSURGXFHV
$VDFRPSDULVRQWKHUHPDLQVRIDPRGHUQHDJOHSUHSDUHGE\DWD[LGHUPLVWKRXVHGDWWKH
3DOHR]RRORJLFDO/DERUDWRU\LQWKH,QVWLWXWRGH,QYHVWLJDFLRQHV$QWURSROyJLFDVDWWKH8QLYHUVLGDG
1DFLRQDO$XWyQRPDGH0p[LFRZDVDQDO\]HG3DUWLFXODUO\WKHHOHPHQWGLVWULEXWLRQDQGWKHORFDOLW\DQG
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WKHW\SHRIVXUIDFHPRGLILFDWLRQZHUHUHFRUGHG7KHD[LDOVNHOHWRQYHUWHEUDHNHHODQGV\QVDFUXPWKH
VKRXOGHUJLUGOHFRUDFRLGVVFDSXODDQGIXUFXOXPULEFDJHDQGXSSHUKLQGOLPEIHPXUZHUHDEVHQW
)LJXUHE7KHVHERQHVZHUHUHPRYHGGXULQJWKHH[WUDFWLRQRIWKHLQWHUQDORUJDQVWKDWZDVODWHU
VWXIIHGZKLOHWKHUHPDLQLQJERQHVSURYLGHGVNHOHWDOLQWHJULW\7KLVUHVXOWHGZLWKDVLPLODUHOHPHQW
GLVWULEXWLRQWR(OHPHQWZKLFKOHDYHVWKHFUDQLXPZLQJVDQGSDUWRIWKHKLQGOLPEVLQWDFW6XUIDFH
PRGLILFDWLRQVSUHVHQWRQWKLVPRGHUQH[DPSOHLQFOXGHGDODUJHWUDQVYHUVDOFXWDORQJWKHRFFLSLWDOUHJLRQ
WKDWH[WHQGHGWRWKHEDVLRFFLSLWDOUHJLRQDSHUIRUDWLRQRQWKHVXSHULRUVXUIDFHRIWKHVNXOODFXWRQERWK
VLGHVRIWKHPDQGLEOHDWWKHKHLJKWRIWKHDQJXODUDUHDDSXQFWXUHRQWKHKXPHUXVE\WKHGHOWRLGFUHVWD
SHUIRUDWLRQRQWKHSUR[LPDODUWLFXODUVXUIDFHDFXWRQWKHSUR[LPDOKHDGRIWKHILEXODDQGFXWVRQERWK
XOQDVDWWKHDUWLFXODUVXUIDFHV
7KHVHFKDUDFWHULVWLFVZHUHFRPSDUHGWRWKHDUFKDHRORJLFDOFDVHRI(OHPHQWRWKRXJKRYHUODS
DQDO\VLV)LJXUHF'HVSLWHWKHYDULDWLRQLQWKHGHJUHHWRZKLFKWKHVNHOHWRQZDVSUHSDUHGVHYHUDO
REYLRXVVLPLODULWLHVDUHSUHVHQW%RWKSUHSDUDWLRQSURFHGXUHVUHVXOWHGLQWKHH[WUDFWLRQRIWKHD[LDO
VNHOHWRQWKHULEVWKHVKRXOGHUJLUGOHDQGSDUWRIWKHKLQGOLPESUHVHQFHDEVHQFHRIWLELRWDUVXVDQGILEXOD
YDULHG7KLVZDVPRVWOLNHO\FRQGXFWHGWRH[WUDFWWKHLQWHUQDOWLVVXHDQGWRGLVFDUGWKHFHUHEUDORUJDQV
WKURXJKHLWKHUWKHUHPRYDORIWKHHQWLUHEUDLQFDVH(OHPHQWRRUE\H[WUDFWLQJVROHO\WKHRFFLSLWDO
UHJLRQFRPSDUDWLYHVDPSOH
$VDWKLUGFRPSDULVRQUHFHQWSXEOLFDWLRQVDERXWWKHVNHOHWRQVRIJROGHQHDJOHVIURP7HPSOR
0D\RULQWKH$]WHFFDSLWDODOVRVXSSRUWWKLVK\SRWKHVLV7KHSXEOLFDWLRQUHSRUWVWKDWWKHHDJOHVIRXQGLQ
2IUHQGDGHPRQVWUDWHGHYLGHQFHIRUWD[LGHUPDOSUHSDUDWLRQWHFKQLTXHV4XH]DGD5DPtUH]HWDO
7KH\GHVFULEHKRZWKHH[WUDFWLRQRIYDULRXVD[LDOHOHPHQWVDQGWKHUHPRYDORIWKHHQFHSKDOLFRUJDQVIURP
WKHEUDLQFDVH7KH\LGHQWLI\ILYHSUHSDUDWLRQVW\OHVYDU\LQJLQUHWHQWLRQRIWKHS\JRVW\OHWDLOERQHZKHUH
WKHORQJWDLOIHDWKHUVDWWDFKWKHPHWKRGRIH[WUDFWLQJWKHEUDLQWLVVXHRQHYDULDQWLVWKURXJKH[SDQGLQJ
WKHIRUDPHQPDJQXPDQGWKHUHWHQWLRQRIWKHFRPSOHWHKLQGOLPE'HVFULSWLRQVRIWKHVHYDULDWLRQVDUH
VLPLODUWRWKRVHLGHQWLILHGEHWZHHQ(OHPHQWRDQGWKHPRGHUQFRPSDUDWLYHVSHFLPHQGHVSLWHWKH
GLVSDUDWHWLPHIUDPHEHWZHHQ7HRWLKXDFDQ$]WHFDQGPRGHUQWD[LGHUPLFSUHSDUDWLRQPHWKRGV
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6LPLODUWR(OHPHQWR(OHPHQWRRQO\FRQWDLQHGWKHZLQJVDQGKLQGOLPEV:KLOHLWLV
WHPSWLQJWRDUJXHWKDWWKLVLQGLYLGXDOZDVDOVRWD[LGHUPLFDOO\SUHSDUHGWKHVNXOORIWKLVDQLPDOZDVQHYHU
IRXQGDQGWKXVLVOLNHO\WKDWLWZRXOGKDYHFRPSRVHGRIPD\EHWKHIHDWKHUHGFDSHRUDPRUHH[WHQVLYHO\
SUHSDUHGSURGXFW7KHUHZHUHGHHSJURYHVSODFHGRQWKHDUWLFXODUVXUIDFHRIWKHOHIWWDUVRPHWDWDUVXVERQH
SUREDEO\LQIOLFWHGGXULQJWKHGLVPHPEHULQJRIWKHWLELRWDUVXVWDUVRPHWDWDUVXVMRLQW2QWKHGLVWDOVKDIWRI
WKHOHIWKXPHUXVDFRXSOHRIFXWPDUNVZHUHDOVRLGHQWLILHGDJDLQSUREDEO\HWFKHGGXULQJWKH
GLVPHPEHUPHQWSURFHVV
$FRXSOHRIWKHLQGLYLGXDOVKDGQRVXUIDFHPRGLILFDWLRQVEXWZHUHGHVLJQDWHGDVVHFRQGDU\
GHSRVLWVEHFDXVHPDQ\ERG\SDUWVZHUHDEVHQW)RUH[DPSOH(OHPHQWRRQO\FRQWDLQHGDIHZORQJ
ERQHIUDJPHQWVSUREDEO\EHFDXVHRQO\WKHZLQJVZHUHGHSRVLWHG(OHPHQWRZHUHVLPLODUO\
FRPSRVHGRIPDLQO\WKHH[WUHPLWLHVSDUWVRIWKHVKRXOGHUJLUGOHDQGHYHQVRPHRIWKHWDLOYHUWHEUDH
LQFOXGLQJWKHS\JRVW\OH/DFNLQJWKHD[LDOVNHOHWRQDQGWKHKHDGOLNH(OHPHQWRWKLVLQGLYLGXDOZDV
SUREDEO\DKLJKO\SURFHVVHGDUWLIDFWPD\EHDIHDWKHUHGFDSH7KHS\JRVW\OHZKHUHWKHORQJWDLOIHDWKHUV
DWWDFKZHUHUHWDLQHGLQGLFDWLQJWKDWWKHIHDWKHUVZHUHSUHVHQWZKHQWKHERQHVZHUHGHSRVLWHG6LPLODUO\
(OHPHQWRORFDWHGDORQJWKHQRUWKHUQZDOOZDVGHVLJQDWHGDVDVHFRQGDU\EXULDOEHFDXVHRQO\
IUDJPHQWVRIWKHULJKWKXPHUXVOHIWXOQDIHPXUERWKVLGHVSKDODQJHVDQGWDORQVZHUHLGHQWLILHG:LWK
QRVXUIDFHPRGLILFDWLRQVWRDLGLQWHUSUHWDWLRQLWLVXQNQRZQLIWKHERQHVZHUHGHSRVLWHGDVLVRODWHG
HOHPHQWVLQWRDSLOHRULILWZDVDSUHSDUHGREMHFW
2QHLQGLYLGXDOGHPRQVWUDWHGWKHFRPSOH[LW\RIDQLPDOELRJUDSKLHV(OHPHQWRSUHVHQWHG
ERWKSDWKRORJLHVWKDWVXJJHVWHGFDSWLYHEHKDYLRUDQGH[KLELWHGVXUIDFHPRGLILFDWLRQVFRQILUPLQJWKDWLW
ZDVDVHFRQGDU\EXULDO)LJXUHH7KLVPDOHHDJOHKDGUHDFKHGDGXOWVWDWXUHDQGZDVIRXQGGHSRVLWHG
DORQJWKHQRUWKHUQZDOORIWKHRIIHULQJDORQJWKHHDVWZHVWD[LV7KHVNHOHWRQSUHVHQWHGDFRXSOH
SDWKRORJLHV%RWKWDUVRPHWDWDUVLKDGDQLQIHFWLRQWKDWFDXVHGH[WHQVLYHERQHUHPRGHOLQJDORQJWKHPHGLDO
VKDIW)LJXUHE7KHGLVWDOHQGDORQJWKHDQWHSLFRQG\OHRIWKHOHIWKXPHUXVZDVDOVRUHPRGHOHG7KH
IRUPHUSDWKRORJ\ZDVLQWHUSUHWHGDVWKHFRQVHTXHQFHRIDWHWKHUHGOLIHVW\OHWKDWOHGWRWKHREVHUYHG
LQIHFWLRQ7KHSDWKRORJ\LGHQWLILHGRQWKHKXPHUXVLVPRUHGLIILFXOWWRLQWHUSUHWEXWLVPRVWOLNHO\GXHWR
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
)LJXUH(DJOH(OHPHQWRDGRUVDOYLHZRIWKHVNXOOZLWKODUJHRSHQLQJEIXUFXOXPOHIW
VLGHZLWKSHUIRUDWLRQFGLDJUDPRIOHIWIHPXUDUURZVGHQRWHFXWPDUNVRWKHUJUH\DUHDV
UHSUHVHQWSUHVHQFHRIILEHUVGPLFURVFRSHLPDJHRIFXWPDUNVRQOHIWIHPXUVFDOHPPH
GLVWULEXWLRQRIFXWPDUNVDUURZVWKHVNHOHWRQZDVFRPSOHWH

161
DQLQMXU\LQIHFWLRQRQWKHZLQJDORQJWKLVFULWLFDOMRLQWEHWZHHQWKHKXPHUXVDQGXOQD6XFKDQLQMXU\
ZKLOHQRWIDWDOFRXOGKDYHPDGHIOLJKWDGLIILFXOWWDVNXQWLOLWKHDOHGFRPSOHWHO\7RJHWKHUWKHVHWZR
SDWKRORJLHVGHPRQVWUDWHWKDWOLNHVRPHRIWKHSULPDU\EXULDOVWKLVUDSWRUZDVDOVRNHSWLQFDSWLYLW\IRU
SURORQJSHULRGV
:KLOHWKHLQGLYLGXDOORRNHGOLNHDFRPSOHWHSULPDU\EXULDOGXULQJH[FDYDWLRQVHYHUDOVXUIDFH
PRGLILFDWLRQVVXJJHVWRWKHUZLVH7KHFUDQLXPKDGDQRSHQLQJDORQJWKHRFFLSLWDOUHJLRQOLNHPDQ\RIWKH
VHFRQGDU\GHSRVLWVVXJJHVWLQJWKHHQFHSKDOLFWLVVXHZDVH[WUDFWHGGXULQJSUHSDUDWLRQ)LJXUHD&XW
PDUNVZHUHDOVRGLVWULEXWHGWKURXJKRXWWKHVNHOHWRQLQFOXGLQJERWKIHPXUV)LJXUHFGDQGWKHOHIW
WLELRWDUVXV7KHVHFXWVZHUHYHU\OLJKWO\SODFHGPRVWO\DORQJWKHVKDIWFORVHWRWKHHSLSK\VLV$FLUFXODU
SHUIRUDWLRQZDVUHFRUGHGRQWKHOHIWIXUFXOXPRQWKHVFDSXODUWXEHURVLW\)LJXUHE8QIRUWXQDWHO\WKH
VFDSXODUWXEHURVLW\RIWKHULJKWIXOFUXPZDVIUDJPHQWHGEXWERWKVLGHVOLNHO\FRQWDLQHGWKHVDPH
SHUIRUDWLRQ0RVWOLNHO\ERWKIXOFUXPZHUHSLHUFHGWRNHHSVNHOHWDOLQWHJULW\DWWKHVKRXOGHUJLUGOH
PDNLQJWKHLQGLYLGXDOLQWDFWDQGORRNFRPSOHWHGXULQJWKHGHGLFDWRU\ULWXDO7KLVLQGLYLGXDOPD\KDYH
DOVREHHQZUDSSHGDVYDULRXVILEHUVZHUHIRXQGDGKHUHGRQWRWKHVNHOHWRQLQFOXGLQJWKHNHHOIHPXU
ERWKOHIWWLELRWDUVXVFDUSRPHWDFDUSXVERWKYHUWHEUDVDQGPDQGLEOH
Moon Pyramid: Entierro 5 
$QDGXOWVWDWXUHGHDJOH(OHPHQWRZDVGHSRVLWHGLQWKLVRIIHULQJ7KLVHDJOHZDVSODFHGLQ
EHWZHHQWZRRWKHUDQLPDOVWRWKHQRUWKRIDFRPSOHWHSXPD(OHPHQWRDQGWRWKHZHVWRIDFURZ
(OHPHQWR7KLVWKUHHVRPHZDVORFDWHGWRWKHZHVWRIWKHWZRKXPDQVDFULILFLDOYLFWLPV
8QIRUWXQDWHO\WKHERQHVVXIIHUHGH[WUHPHWDSKRQRPLFDOGDPDJHUHVXOWLQJLQKLJKO\IUDJPHQWHGERQHV
WKDWZHUHERWKYHU\EULWWOHDQGZDUSHGPDNLQJLWLPSRVVLEOHWRUHFRQVWUXFW7KHERQHVWKDWZHUHLGHQWLILHG
LQFOXGHGDVLJQLILFDQWSRUWLRQRIWKHKLQGOLPEIUDJPHQWVRIWKHIHPXUWLELRWDUVXVWDUVRPHWDWDUVXV
SKDODQJHVDQGWDORQVSDUWVRIWKHZLQJXOQDUDGLXVDQGKXPHUXVDQGIUDJPHQWVRIWKHFUDQLXPDQG
PDQGLEOH,WLVGLIILFXOWWRFRQFOXGHIURPWKHIUDJPHQWHGDOPRVWSRZGHUOLNHSLHFHVLIWKHUHVWRIWKH
VNHOHWRQZDVQRWUHFRJQL]DEOHRUVLPSO\PLVVLQJ-XGJLQJIURPWKHH[WHQWRIVFDWWHUIRUWKHERQHVLQ
GUDZLQJVDQGILHOGSKRWRJUDSKVLWLVPRVWOLNHO\WKDWWKLVLQGLYLGXDOZDVDFRPSOHWHSULPDU\EXULDO0DQ\
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RIWKHFRPSOHWHDQLPDOVWHQGHGWREHDVVRFLDWHGZLWKKXPDQVNHOHWDOUHPDLQVLQWKLVFDVHWKHFRPSOHWH
HDJOHDQGFURZDUHDVVRFLDWHGZLWKWKHLQGLYLGXDO&SODFHGLQEHWZHHQWKHWZRRWKHUVDFULILFLDOYLFWLPV
'XHWRWKHH[WUHPHWDSKRQRPLFDOGDPDJHPHQWLRQHGDERYHLWZDVLPSRVVLEOHWRH[WUDFWDQ\DGGLWLRQDO
LQIRUPDWLRQFRQFHUQLQJVXUIDFHPDUNLQJVRUSDWKRORJLHV
Sun Pyramid: Ofrenda 2 
 7KHRQO\FRPSOHWHHDJOHVNHOHWRQIRXQGLQ2IUHQGDZDVRIDQDGXOWPDOHSODFHGRQWKH
VRXWKHDVWHUQFRUQHU7KLVLQGLYLGXDOZDVFHUWDLQO\DSULPDU\EXULDODVWKHFRQVXPHGUDEELWERQHVZHUH
IRXQGin situ1RVXUIDFHPRGLILFDWLRQVWKDWFRXOGLQGLFDWHFDXVHRIGHDWKRURWKHUPDQLSXODWLYHSURFHVV
ZHUHIRXQGGHVSLWHWKHYHU\FRPSOHWHDQGZHOOSUHVHUYHGVNHOHWRQ6RPHRUJDQLFPDWHULDOZDVDGKHUHG
RQWRWKHVNHOHWRQZKLFKZDVIRXQGDEXQGDQWO\WKURXJKRXWWKHRIIHULQJHQYLURQPHQW
 7ZRUDEELWVZHUHFRQVXPHGE\WKLVLQGLYLGXDOSULRUWRLWVVDFULILFHWKH\ZHUHIRXQGLQWZR
GLIIHUHQWORFDWLRQVGHPRQVWUDWLQJWKDWWKH\ZHUHHDWHQDWVHSDUDWHWLPHV0RUHGHWDLOHGLQIRUPDWLRQDERXW
WKHUDEELWVLVGLVFXVVHGODWHUEXWDWWKLVSRLQW,PHUHO\KLJKOLJKWWKDWVRPHRIWKHVHERQHVGHPRQVWUDWHG
HYLGHQFHRIEXUQLQJDJDLQFRQILUPLQJWKHSUHVHQFHRIDUWLILFLDOIHHGLQJ
5DYHQ
(QWLHUURVDQGFRQWDLQHGWKHUHPDLQVRIWKHFRPPRQUDYHQRIZKLFKRQO\RQHIURP(QWLHUUR
ZDVDSULPDU\EXULDO7KHVHPLFRPSOHWHUHPDLQVRIWKHFRPPRQUDYHQ(OHPHQWRZHUHIRXQGRQ
WKHZHVWHUQVHFWRURI(QWLHUURLPPHGLDWHO\LQIURQWRIDVDFULILFLDOYLFWLP8QIRUWXQDWHO\WKHGHJUDGHG
ERQHVPDGHLWH[WUHPHO\GLIILFXOWWRUHFRQVWUXFWWKHHQWLUHVNHOHWRQZKLFKZDVSUREDEO\FRPSOHWH
,QWHUHVWLQJO\WKLVVSHFLPHQGHPRQVWUDWHGSDWKRORJLFDOLQGLFDWRUVRIDERQHGHIRUPLW\SUREDEO\FDXVHGE\
DQLQIHFWLRXVGLVHDVH7KHOHIWSROOH[RQWKHZLQJZDVLQIODWHGIURPVRPHVRUWRIGLVHDVH,QDGGLWLRQ
VRPHRIWKHSKDODQJHVRQWKHULJKWDQGOHIWKLQGOLPEVZHUHZDUSLQJDQGVKRZHGH[FHVVLYHUHPRGHOLQJ
SRVVLEO\IURPDQLQMXU\RULQIHFWLRQ)LJXUH,WLVXQFOHDUZKDWZRXOGFDXVHVXFKSDWKRORJLHVEXWLV
FHUWDLQO\SRVVLEOHWKDWLWZDVWKHUHVXOWRIDQLQIHFWLRXVGLVHDVHFDXJKWGXULQJFRQILQHPHQW,QWHUHVWLQJO\
WZRORQJERQHIUDJPHQWVRIDUHSWLOHHLWKHUAnuroVSRUODFHUWLOLDQZHUHPL[HGLQZLWKWKLVLQGLYLGXDO,W
LVXQFHUWDLQLIWKHVHZHUHWKHUHPDLQVRIVWRPDFKFRQWHQWRUMXVWILOOUHIXVH
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
)LJXUH)HHWRIFRPPRQUDYHQ(OHPHQWR$UURZVLQGLFDWHORFDWLRQRISDWKRORJLHV

5DWWOHVQDNHV
2QHRIWKHPRVWFKDOOHQJLQJDQLPDOVWRFDOFXODWH01,ZHUHWKHVHUSHQWLQHUHPDLQVIURP(QWLHUURV
DQG7DEOH2IWHQGHSRVLWHGDVDFOXVWHULWZDVH[WUHPHO\GLIILFXOWWRGLVWLQJXLVKRQHLQGLYLGXDO
IURPWKHRWKHU)XUWKHUPRUHLGHQWLILDEOHHOHPHQWVVXFKDVFUDQLDOIUDJPHQWVDUHRIWHQODFNLQJIURPWKH
DUFKDHRORJLFDOUHFRUGEHFDXVHVHUSHQWVKDYHDXQLTXHDGDSWDWLRQWKDWDOORZVWKHPWRGLVPRXQWWKHMDZ
ZLWKQHYHUIXVLQJFUDQLDOHOHPHQWVFDXVLQJWKHVPDOOIUDJPHQWVWREHGHVWUR\HGRUORVWGXULQJ
DUFKDHRORJLFDOH[FDYDWLRQV2QO\WKH01,FRXQWRIWKHPDWHULDOVIURP(QWLHUURUHOLHGRQWKHQXPEHURI
PDQGLEOHVIRUWKLVFDOFXODWLRQDVWKHJRRGSUHVHUYDWLRQDQGPHWLFXORXVH[FDYDWLRQWHFKQLTXHVZHUHDEOH
WRUHFRYHUWKHUHPDLQVRIDWOHDVWVL[SDLUVRIPDQGLEOHV9HUWHEUDHFDQQRWEHXVHGIRU01,FDOFXODWLRQVDV
WKH\DUHDEXQGDQWDQGYHUWHEUDHFRXQWVYDU\FRQVLGHUDEO\E\VSHFLHVDQGDPRQJLQGLYLGXDOV01,
FDOFXODWLRQVIRU(QWLHUURVDQGZHUHPXFKPRUHFRPSOH[DQGWKHUHVXOWVUHSRUWHGLQ7DEOHVKRXOG
EHFRQVLGHUHGDVWHQWDWLYHHVWLPDWHV1RQHWKHOHVVLWLVWHPSWLQJWRDVVLJQDV\PEROLFVLJQLILFDQFHWRWKH
QXPEHURIVHUSHQWVLQ(QWLHUURDQGDQGQLQHUHVSHFWLYHO\
7KHUHZHUHDWOHDVWWZRPD\EHWKUHHVSHFLHVRIUDWWOHVQDNHUHSUHVHQWHGLQWKHRIIHULQJVEDVHGRQ
WKHFOHDUGLIIHUHQFHVLQVL]HDQGWKHPRUSKRORJ\RIWKHYHUWHEUDH$ERXWILYHWRVL[VSHFLHVRIUDWWOHVQDNH
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LQKDELWWKH0H[LFDQ%DVLQVHH&KDSWHUEXWVSHFLHVOHYHOLGHQWLILFDWLRQZDVLPSRVVLEOH,WLVQHFHVVDU\
WRGHYHORSDFRPSDUDWLYHPRUSKRPHWULFPHDVXUHPHQWVWDQGDUGIRUVHUSHQWYHUWHEUDHWRGHVLJQDWHWKH
VSHFLHV$VHULHVRIPHWULFDQGPRUSKRPHWULFWUDLWVZHUHUHFRUGHGIRUWKHDUFKDHRORJLFDOFROOHFWLRQ
IROORZLQJ/D'XNHWKDWZLOOKRSHIXOO\DOORZIRUWKLVW\SHRIDQDO\VLVLQWKHIXWXUH$SSHQGL[*
'HWHUPLQLQJWKHDJHDQGVH[RIWKHVHLQGLYLGXDOVZDVHTXDOO\GLIILFXOWOLPLWHGE\WKHLQDELOLW\WR
GLVWLQJXLVKEHWZHHQLQGLYLGXDOVWKHVSHFLHDQGWKHRUGHULQJRIWKHWUXQN1RHYLGHQFHRIWKHSUHERWWRQRQ
WKHUDWWOHIRXQGDPRQJYHU\\RXQJVHUSHQWVZDVLGHQWLILHG,WVDEVHQFHKRZHYHUFRXOGEHWKHUHVXOWRI
WKHSRRUSUHVHUYDWLRQDQGWKXVFDQQRWLQGLFDWHWKHODFNRI\RXQJVHUSHQWVLQWKHFROOHFWLRQ6LPLODUO\
XQWLOVSHFLHVDUHGLVWLQJXLVKHGLWLVLPSRVVLEOHWRORRNIRUVH[XDOGLPRUSKLVP
6RPHRIWKHUDWWOHVQDNHVKDGVPDOOURGHQWERQHVSDUWLFXODUO\GHHUPRXVHPeromyscusVSPL[HG
ZLWKULEIUDJPHQWVVXJJHVWLQJWKH\ZHUHFRQVXPHG:KLOHODUJHUODJDPRUSKERQHVPDLQO\UDEELWVZHUH
IRXQGLQWKHVWRPDFKRIWKHPDPPDOLDQDQGDYLDQLQGLYLGXDOVUDWWOHVQDNHVZHUHIHGURGHQWVSULRUWRWKHLU
VDFULILFH
Moon Pyramid: Entierro 2 
5DWWOHVQDNHVZHUHIRXQGFRQFHQWUDWHGQHDUWKHFHQWHURIWKHRIIHULQJMXVWWRWKHZHVWRIDODUJH
GLVN7KHVFDWWHUHGYHUWHEUDWHZHUHH[FDYDWHGDVRQH(OHPHQWRQXPEHU(OHPHQWRDQG01,
FDOFXODWLRQVZHUHDVVLJQHGODWHULQWKHODE7KLVFDOFXODWLRQZDVEDVHGRQWKHQXPEHURIPDQGLEOHV
UHFRYHUHGIURPPHWLFXORXVH[FDYDWLRQWHFKQLTXHV8QIRUWXQDWHO\QRRWKHULQIRUPDWLRQDERXWWKHDJHRU
VH[RIWKHLQGLYLGXDOVFRXOGEHLGHQWLILHGDWWKLVSRLQW,WLVLQWHUHVWLQJWRQRWHWKDWZKLOHWKHVHUSHQW
UHPDLQVIURP(QWLHUURGHPRQVWUDWHGFOHDUHYLGHQFHRIWZRYHU\GLVWLQFWVL]HFODVVHVRIUDWWOHVQDNH
SUREDEO\EHFDXVHWZRVSHFLHVZHUHXWLOL]HGPRVWRIWKHYDULDWLRQIURP(QWLHUURZHUHPLQLPDO
Moon Pyramid: Entierro 6 
1HDUWKHFHQWHURI(QWLHUURDURXQGEDVNHWZDVGLVFRYHUHGVWLOOLQWDFWZLWKODUJHFRQFHQWULF
FLUFOHVFOHDUO\GHILQLQJWKHOD\HUVRIZRYHQILEHUV7KLVEDVNHWZDVH[FDYDWHGDVDEORFNin situLQHIIRUWWR
SUHVHUYHWKLVIUDJLOHILQG,WZDVRQO\ZKHQDVPDOOVXEVHWRIWKHYHJHWDOPDWHULDOZDVVDPSOHGE\
SDOHRERWDQLVWVWKDWVPDOOYHUWHEUDODQGULEIUDJPHQWVZHUHIRXQGLQLWVLQWHULRU2QFHWKHVHYHUWHEUDHZHUH
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
)LJXUH$UFKDHRORJLFDOEDVNHWZLWKDWOHDVWVHUSHQWVLQVLGH05,LPDJHOHIWDQGOLQH
GUDZLQJEDVHGRQ05,LPDJHVULJKW6FDOHEDUIRUFP

LGHQWLILHGDVUDWWOHVQDNHWKHHQWLUHEORFNRIWKHEDVNHWZDVWDNHQLQIRU05,LPDJLQJ7RRXUVXUSULVHWKLV
EDVNHWZDVIXOORIUDWWOHVQDNHUHPDLQVZLWKPXOWLSOHVHUSHQWVOLWHUDU\SLOHGRQWRSRIHDFKRWKHU)LJXUH
7KHLGHQWLILFDWLRQRIWKHIHZYHUWHEUDHVDPSOHVDVUDWWOHVQDNHDQGWKHFRQVLVWHQWPRUSKRORJ\DQG
VL]HRIWKHUHPDLQVZLWKWKHRWKHUVHUSHQWLQHPDWHULDOVIRXQGLQ(QWLHUURVDQGVXJJHVWWKHVHUHPDLQV
ZHUHDOVRRIUDWWOHVQDNH%DVHGRQWKH05,LPDJHDSODQYLHZGUDZLQJRIWKHVHUHPDLQVZDVFRPSOHWHG
6HYHUDODWWULEXWHVPDNHWKH01,HVWLPDWHVH[WUHPHO\GLIILFXOWWRFDOFXODWH7KHUHVROXWLRQRIWKH
05,LPDJHZDVVXFKWKDWRQO\ZHOOSUHVHUYHGYHUWHEUDOFROXPQVZHUHYLVLEOHLQEHWZHHQWKHILOOPDWUL[
DQGVPDOOHUHOHPHQWVVXFKDVULEVDQGSDUWLFXODUO\FUDQLDZHUHLPSRVVLEOHWRGLVWLQJXLVKIURPWKH
VXUURXQGLQJGLUWDQGILEHU7KXV01,FDOFXODWLRQVZHUHEDVHGRQUHFRQVWUXFWLQJFRPSOHWHYHUWHEUDO
FROXPQVIURPWKHLPDJHVDQGFRXQWLQJWKHP9DULRXVWDSKRQRPLFSURFHVVHVLWVDUFKDHRORJLFDO
H[FDYDWLRQDQGWKHUHPRYDORIDSDOHRERWDQLFDOVDPSOHPLVDOLJQHGYDULRXVHOHPHQWVUHVXOWLQJLQPDQ\
LQFRPSOHWHYHUWHEUDOFROXPQVDQGLVRODWHGHOHPHQWV:LWKWKHDGGHGFRPSOLFDWLRQGXHWRWKHSRRU
YLVLELOLW\RIWKH05,LPDJHHVWLPDWLQJWKH01,IURPWKHSODQYLHZGUDZLQJSURYHGWREHGLIILFXOW
1RQHWKHOHVVDQ01,FRXQWRILVSURSRVHGZKLFKLVDFRQVHUYDWLYHHVWLPDWHDVPDQ\RIWKHORRVH
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YHUWHEUDOVHFWLRQVOHIWXQFRXQWHGDQGDPRUHUHDOLVWLFHVWLPDWHUDQJHGEHWZHHQWRLQGLYLGXDOV
1RQHWKHOHVVLWLVWHPSWLQJWRGUDZDSDUDOOHORIWKHSRWHQWLDOVHUSHQWLQHUHPDLQVWRWKHHFFHQWULF
REVLGLDQDUWLIDFWVWKDWUDGLDWHDURXQGDFHQWUDOGLVNMXVWWRWKHQRUWKZHVWRIWKLVEDVNHWDQGWKHHDJOHV
2QO\OLPLWHG]RRDUFKDHRORJLFDOLQIRUPDWLRQZDVJDWKHUHGIURPWKHYLVXDODQDO\VLVRIWKH05,
LPDJHVDQGWKHVPDOOQXPEHURIYHUWHEUDOUHPDLQVH[WUDFWHGGXULQJSDOHRERWDQLFDOVDPSOLQJ3DUWLFXODUO\
WKH05,LPDJHFRXOGRQO\GHILQHWKHFHQWUDOYHUWHEUDOFROXPQGXHWRWKHUHODWLYHO\KLJKGHQVLW\RIWKHGLUW
PDWUL[WKDWREVFXUHVDQ\RIWKHVPDOOHUERQHVVXFKDVULEVFUDQLDDQGHYHQVPDOOHUFDXGDOYHUWHEUDH7KLV
PHDQVWKDWDQ\VPDOOIDXQDOHOHPHQWVIRUH[DPSOHLQWKHVWRPDFKFRQWHQWRIWKHUDWWOHVQDNHZRXOGQRWEH
YLVLEOH:KLOHZHNQRZURGHQWVZHUHFRQVXPHGE\VRPHRIWKHVHUSHQWVGHSRVLWHGLQ(QWLHUURZH
FDQQRWXVHWKH05,LPDJHIRUWKLVVRUWRIDQDO\VLV)XUWKHUPRUHDQ\DGGLWLRQDOGHWDLOVOLNHVXUIDFH
IHDWXUHVLQFOXGLQJSDWKRORJLHVZHUHLPSRVVLEOHWRGLVFHUQIURPDPHUHYLVXDODQDO\VLV)XWXUHDQDO\VLV
H[FDYDWLQJDSRUWLRQRIWKHEDVNHWZRXOGKHOSREWDLQPRUHGHWDLOHGLQIRUPDWLRQ
Moon Pyramid: Entierro 5 
 6HUSHQWUHPDLQVIURP(QWLHUURZHUHUHFRYHUHGVFDWWHUHGWKURXJKRXWWKHFKDPEHU(DFK
FRQFHQWUDWLRQZDVJLYHQDQ(OHPHQWRQXPEHUZKLFKVKRXOGFRUUHVSRQGWRWKHQXPEHURILQGLYLGXDOV
+RZHYHURQDFRXSOHRIRFFDVLRQVWKHERQHVUHFRYHUHGUHVXOWHGLQPRUHWKDQRQHLQGLYLGXDOLQZKLFK
FDVHWKHORFDWLRQRIWKHPDWHULDOVZDVH[DPLQHGIRUQHDUE\(OHPHQWRQXPEHUVWKDWPD\FRUUHVSRQGWRWKH
VDPHDQLPDO)RUH[DPSOH(OHPHQWRVDQGHDFKFRPSRVHGRIRQO\DKDQGIXORIYHUWHEUDH
ZHUHFRXQWHGDVSDUWRI(OHPHQWR2QHRIWKHWZRLQGLYLGXDOVLGHQWLILHGDV(OHPHQWRSUREDEO\
LQFOXGHGWKHVFDWWHUHGUHPDLQVRIWKHVHWZRHOHPHQWVH[FDYDWHGLPPHGLDWHO\WRWKHZHVW6LPLODUO\LWZDV
GHWHUPLQHGWKDWDIHZRIWKHYHUWHEUDHRI(OHPHQWRZHUHPL[HGLQZLWKRQHRIWKHWKUHHLQGLYLGXDOV
LGHQWLILHGLQ(OHPHQWR2QFHWKHVHDGMXVWPHQWVZHUHPDGHDWRWDORIQLQHVHUSHQWVZHUHDFFRXQWHG
IRULQ(QWLHUUR$JDLQWKLVQXPEHUVKRZVXSUHSHDWHGO\LQWKHRIIHULQJVDQGLVQRVXUSULVHKHUH
6PDOO0DPPDOV6WRPDFK&RQWHQWV
0RVWRIWKHVPDOOPDPPDOVZHUHIRXQGLQDVSHFLILFFRQWH[WDVWKHVWRPDFKFRQWHQWVRIWKH
VDFULILFLDOFDUQLYRUHV$VWKHPDMRULW\RIWKHDQLPDOVZHUHIRXQGDVVRFLDWHGZLWKWKHUHPDLQVRIWKH
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FDUQLYRURXVSUHGDWRUVWKH\DUHGLVFXVVHGDORQJVLGHWKHSULPDU\EXULDOV7KHUHLVDFOHDUSUHIHUHQFHRIWZR
W\SHVRIIDXQDQDPHO\ODJDPRUSKVUDEELWVDQGKDUHVDQGURGHQWVPeromyscus sp.WKDWZHUHHDWHQE\
ODUJHFDUQLYRUHVIHOLGVFDQLGVDQGHDJOHVDQGVHUSHQWVUHVSHFWLYHO\7DEOH$SDUWIURPWKHVH
UHPDLQVDIHZRWKHUVPDOOPDPPDOV0H[LFDQYROH0H[LFDQJUD\VTXLUUHOXQLGHQWLILHGVPDOOPDPPDOV
ZHUHGLVFRYHUHGLQWKHILOO7KH\GRQRWUHSUHVHQWDQLPDOVWKDWSDUWRRNLQWKHULWXDODQGWKHUHIRUHDUHQRW
GLVFXVVHG,QDGGLWLRQRWKHUXQLGHQWLILHGELUGUHPDLQVZHUHPL[HGLQWKHVWRPDFKFRQWHQWV7KHVHVPDOO
ELUGERG\SDUWVZHUHSUREDEO\XQUHODWHGWRWKHV\VWHPDWLFDUWLILFLDOIHHGLQJRIWKHFDUQLYRUHVZLWKUDEELWV
IRXQGDFURVVGHGLFDWRU\FDFKHV7KHVHDUHDOVROLVWHGLQ7DEOHDVSDUWRIWKHVWRPDFKFRQWHQWV
$FURVVRIIHULQJFRQWH[WVHDJOHVZHUHIHGPRVWIUHTXHQWO\VHYHQLQGLYLGXDOVHQMR\HGWKHLUPHDO
SULRUWRWKHULWXDOVODXJKWHU,QFRPSDULVRQRQO\RQHZROIDQGWZRIHOLGVZHUHIHG)LYHVHUSHQWVKDG
VWRPDFKFRQWH[WVDVVRFLDWHGZLWKWKHLUVNHOHWDOUHPDLQVGHPRQVWUDWLQJDXQLIRUPLQGLFDWLRQWKDWULWXDO
IHHGLQJPD\KDYHEHHQDFRPPRQSUDFWLFHSULRUWRVDFULILFHIRUDOOVSHFLHVLQYROYHG:KLOHPRUHHDJOHV
ZHUHIHGWKH\ZHUHDOVRWKHPRVWDEXQGDQWVDFULILFLDOYLFWLPVQ DQGWKXVLVQRVXUSULVHWRILQGWKDW
WKH\KDGPRUHIUHTXHQWHYLGHQFHRIFRQVXPSWLRQDFWLYLWLHV
6HYHUDOLQGLYLGXDOVFRQVXPHGPXOWLSOHDQLPDOVSULRUWRWKHLUVODXJKWHU)RUH[DPSOHDSXPD
IURP(QWLHUUR(OHPHQWRDWHWZRFRWWRQWDLOV(OHPHQWRVDQGDQGDQXQLGHQWLILHG
VPDOOELUG(OHPHQWR,QWHUHVWLQJO\VRPHERQHVQRWRQO\KDGJDVWULFHWFKLQJIURPWKHLQWHVWLQDO
DFLGVEXWDOVRGLVFRORUDWLRQGXHWREXUQLQJ6LPLODUO\WKHFDJHGZROIIURP(QWLHUUR(OHPHQWR
FRQVXPHGRQHKDUHDQGRQHFRWWRQWDLODJDLQZLWKLQGLFDWLRQVRIJDVWULFHWFKLQJGLVFRORUDWLRQDQGEXUQLQJ
:KLOHWKHPDMRULW\RIWKHVWRPDFKFRQWHQWVGRQRWGHPRQVWUDWHEXUQLQJWKHSUHVHQFHRIDWOHDVWVHYHQ
DQLPDOVIURPWKHVWRPDFKFRQWHQWGLVWULEXWHGWKURXJKRXW(QWLHUURVDQG2IUHQGDDOOXGHGWRWKH
SUDFWLFHRIDUWLILFLDOIHHGLQJ7KHXQLIRUPLQGLFDWLRQWKDWODJDPRUSKVRUURGHQWVZHUHVHOHFWHGIRUWKH
VDFULILFLDOYLFWLPVGHPRQVWUDWHVWKDWULWXDOLVWLFIHHGLQJZDVDQLQWHJUDOSDUWRIWKHULWXDOL]DWLRQSURFHVV
Lagamorpha
,QWRWDOODJDPRUSKUHPDLQVZHUHLGHQWLILHGIURPWKHRIIHULQJVRXWRIZKLFKWKHPDMRULW\
FRQVLVWHGRIFRWWRQWDLOVSylvilagusVSQ ZKLOHKDUHVLepusVSZHUHWKHPLQRULW\Q 7KLVPD\
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EHGXHWRWKHUHODWLYHO\VPDOOHUVL]HRIWKHFRWWRQWDLOVEXWFRXOGDOVREHEHFDXVHWKH\DUHHDVLHUWRPDQDJH
LQFDSWLYLW\WRPDLQWDLQDFRQVWDQWSURWHLQVRXUFHWRIHHGWKHVHFDUQLYRUHV8QOLNHKDUHVFRWWRQWDLOVGHQ
HDVLHUDQGFDQZLWKVWDQGEHLQJZLWKRWKHUFRWWRQWDLOVZKLOHKDUHVWHQGWRUHTXLUHPRUHRSHQKDELWDWV
 $PRQJWKHFRWWRQWDLOVLGHQWLILHGWKH\ZHUHDOOIRXQGWREHRQHRIWZRVSHFLHVWKHGHVHUW
FRWWRQWDLOSylvilagus auduboniiDQGWKHHDVWHUQFRWWRQWDLOS. floridannus7KHVHWZRVSHFLHVZHUH
LGHQWLILHGWKURXJKRXW7HRWLKXDFDQDQGWKHRQO\RWKHUVSHFLHVQRWLGHQWLILHGZDVWKH0H[LFDQFRWWRQWDLOS.
cunicularius7KHHPSKDVLVRQWKHGHVHUWDQGHDVWHUQFRWWRQWDLOVPDNHVVHQVHFRQVLGHULQJWKHVL]HUDQJH
DVWKH\DUHIDUVPDOOHUWKDQWKH0H[LFDQFRWWRQWDLOWKDWFDQUHDFKWKHVL]HRIDVPDOOKDUH8QIRUWXQDWHO\
WKHWKUHHKDUHERQHVLGHQWLILHGZHUHQRWLGHQWLILHGWRDVSHFLHVOHYHO
/DJDPRUSKVWRPDFKFRQWHQWVZHUHIRXQGLQ(QWLHUURVDQG2IUHQGDEXWQRQHZHUH
LGHQWLILHGIURP(QWLHUURVDQG7KLVLVEHFDXVHWKHUHZHUHQRFRPSOHWHVDFULILFLDOYLFWLPVIURP(QWLHUUR
DQGRQO\VHUSHQWVIURP(QWLHUURFRQVXPHGPLFURIDXQDPDLQO\WKHGHHUPRXVHPeromyscusVS$
KDUHPHWDSRGLDOZDVDOVRIRXQGLQWKHILOORI(QWLHUUR(QWLHUURKDGWKHPRVWDEXQGDQWHYLGHQFHRI
ODJDPRUSKVQ IROORZHGE\(QWLHUURQ DQG2IUHQGDQ 7KHPDMRULW\RIWKHDJHUDQJH
LGHQWLILHGDPRQJODJDPRUSKUHPDLQVZDVFRPSRVHGRIDGXOWVZKLOHMXYHQLOH\RXQJDGXOW
LQIDQWVDQGLQIDQWMXYHQLOHZHUHOHVVDEXQGDQW7DEOH7KHIDFWWKDWLQIDQWVZHUH
LGHQWLILHGLQ(QWLHUURLVLQWHUHVWLQJVXJJHVWLQJWKDWWKH7HRWLKXDFDQRVKDGDFFHVVWRVXFK\RXQJ
ODJDPRUSKV
7KHUHPDLQVRIHLJKWODJDPRUSKVZHUHLGHQWLILHGIURP(QWLHUUR7KHPDMRULW\RIWKHVH
LQGLYLGXDOVZHUHIRXQGDVVRFLDWHGZLWKWKHVDFULILFLDOHDJOHV7KHFDJHGZROIDOVRKDGVWRPDFKFRQWHQWV
,QRQHFDVHWKHGLDSK\VLVRIWKHOHIWWLELDRIDFRWWRQWDLOZDVIRXQGDVVRFLDWHGZLWKDIHOLGKHDG(OHPHQWR
7KLVREYLRXVO\FDQQRWEHWKHVWRPDFKFRQWHQWRIWKLVIHOLGEXWUDWKHUZDVSUREDEO\HLWKHUSDUWRIWKH
ILOOPDWUL[RUZDVWKHUHPDLQVHDWHQE\WKHHDJOHQHDUE\(OHPHQWR7KHUHZDVDOVRDQLVRODWHGULJKW
WLELDRIDKDUHIRXQGLQVLGHWKHFDJHRIDZROI(OHPHQWR$VWKLVZROIFRQWDLQHGWKHUHPDLQVRI
ERWKDKDUH(OHPHQWRDQGUDEELW(OHPHQWRLQLWVVWRPDFKFRQWHQWLWVHHPVDSSURSULDWHWR
FRQVLGHUWKDWWKHLVRODWHGERQHRIWKHKDUHZDVMXVWWKHVFUDSVRIWKHIHDVWWKLVZROIFRQVXPHGSULRUWR
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7DEOH$JHGLVWULEXWLRQ01,FRXQWVRIODJDPRUSKVIRUHDFKRIIHULQJ

(QWLHUUR (QWLHUUR 2IUHQGD 7RWDO 7RWDO
,QIDQW     
,QIDQW-XYHQLOH     
-XYHQLOH     
<RXQJ$GXOW     
$GXOW     
8Q,'     
Total 10 5 2 17 
EHLQJEXULHGDUULYH8QIRUWXQDWHO\QRFDUQLYRUHJQDZPDUNVZHUHUHFRUGHGRQWKLVLVRODWHGERQHWR
FRQILUPWKLVLQWHUSUHWDWLRQ
 )LYHUDEELWVZHUHFRQVXPHGLQ(QWLHUURLQFOXGLQJRQHXQLGHQWLILHGFRWWRQWDLOWZRGHVHUWDQG
WZRHDVWHUQFRWWRQWDLOV7KHVHUHPDLQVUHSUHVHQWHGYDULRXVIUDJPHQWHGERQHVWKURXJKRXWWKHERG\
VXJJHVWLQJWKDWDFRPSOHWHUDEELWZDVIHGWRWKHFDUQLYRUH-XGJLQJIURPWKHODFNRIIRUHOLPEFUDQLDODQG
D[LDOERQHVRQ(OHPHQWRVDQGLWLVOLNHO\WKDWLQWKHVHWZRFDVHVWKHVHFDUQLYRUHVZHUHMXVW
IHGKLQGTXDUWHUV2QO\RQHKDUHPHWDSRGLDOIUDJPHQWZDVH[FDYDWHGIURP(QWLHUUR7KLVERQHZDV
SUREDEO\ILOOUHIXJHEHFDXVHLWZDVDQLVRODWHGHOHPHQWZLWKQRFDUQLYRUHUHPDLQVQHDUE\(QWLHUUR
FRQWDLQHGQRODJDPRUSKUHPDLQV
 2IUHQGDLQWKH6XQ3\UDPLGLQFOXGHGDFRPSOHWHHDJOHWKDWDWHWZRFRWWRQWDLOVEHIRUHLWZDV
VDFULILFHG%RWKRIWKHVHLQGLYLGXDOVZHUHUHSUHVHQWHGE\VFDWWHUHGERQHVWKURXJKRXWWKHERG\LQGLFDWLQJ
WKHHQWLUHFRUSVHZDVIHG'XULQJH[FDYDWLRQWKHH[DFWORFDWLRQRIHDFKRIWKHFRWWRQWDLOVNHOHWRQVZDV
UHFRUGHG(OHPHQWRRIDMXYHQLOHZDVIRXQGLQWKHORZHUULEFDJHRUV\QVDFUXPRIWKHHDJOHDOUHDG\
LQWKHDEGRPLQDOFDYLW\2QWKHRWKHUKDQG(OHPHQWRZDVH[FDYDWHGQHDUWKHFUDQLXPDURXQGWKH
FHUYLFDOYHUWHEUDWKLV\RXQJHULQGLYLGXDOZDVOLWHUDU\EHLQJVZDOORZHGZKHQWKHHDJOHZDVVDFULILFHG
7KHVSHFLILFSRVLWLRQRIWKHFRQVXPHGUDEELWVDOORZVIRUDJUDSKLFGHSLFWLRQRIWKHWLPLQJLQZKLFK
DQLPDOVZHUHIHGDQGWKHQXPEHURIWLPHVWKLVRFFXUUHG7KLVHYLGHQFHPDNHVXVUHFRQVLGHULIRWKHU
FDUQLYRUHVWKDWFRQVXPHGPXOWLSOHDQLPDOVZHUHDOVRQRWIHGDWGLIIHUHQWSRLQWGXULQJWKHULWXDO
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Rodentia 
7KHURGHQWUHPDLQVIRXQGLQWKHVWRPDFKRIWKHUDWWOHVQDNHZHUHYHU\VPDOODQGRIWHQLQFRPSOHWH
PDNLQJLWGLIILFXOWWRDVVLJQDJHDQGVH[RIWKHLQGLYLGXDOV0RVWRIWKHURGHQWVZHUHIRXQGLQ(QWLHUUR
ZHUHGHHUPRXVHPeromyscusVSSUREDEO\VHOHFWHGDVRSWLPDOSUH\IRUWKHUDWWOHVQDNHGXHWRLWVVPDOO
VL]H,VRODWHGERQHVVZHUHIRXQGGLVDUWLFXODWHGDQGPL[HGLQZLWKWKHULEV6LQFHUDWWOHVQDNHWHQGWR
VZDOORZWKHLUSUH\ZKROHWKHVHPLFHZHUHSUREDEO\IHGFRPSOHWH7KHGLVFRYHU\RIWKHVHURGHQWVKHOS
SURYHWKDWWKHUDWWOHVQDNHVZHUHGHSRVLWHGDVSULPDU\EXULDOVHYHQWKRXJKWKHHQWLUHVNHOHWRQGLGQRW
DOZD\VSUHVHUYHG5DWWOHVQDNHZHUHDOVRIHGSULRUWRWKHLUVDFULILFHVXJJHVWLQJDVRUWRIXQLIRUPLW\LQWKH
RYHUDOOULWXDOSURFHGXUHDOWKRXJKGLIIHUHQWSUH\ZHUHVXLWDEOHIRUGLIIHUHQWVSHFLHV1RQHRIWKHVHURGHQWV
KDGDQ\VXUIDFHPRGLILFDWLRQVGHPRQVWUDWLQJEXUQLQJRURWKHUIRUPVRISUHSDUDWLRQ2QRQHRFFDVLRQD
UDWWOHVQDNH(OHPHQWRFRQVXPHGWZRURGHQWV
(YLGHQFHRIURGHQWIHGUDWWOHVQDNHLQ(QWLHUURRSHQVXSTXHVWLRQVZKHWKHUWKLVZDVSUDFWLFHGLQ
WKHRWKHUFRQWH[WV(QWLHUURFRQWDLQHGWKHUHPDLQVRIDWOHDVWVL[UDWWOHVQDNHVEXWQRURGHQWUHPDLQV
ZHUHLGHQWLILHGQRULWXDOIHHGLQJRFFXUUHGLQWKLVFDVH(QWLHUURDOVRFRQWDLQHGDODUJHFRQFHQWUDWLRQRI
UDWWOHVQDNHVIRXQGLQVLGHDQRUJDQLFZRYHQEDVNHW+RZHYHUEHFDXVHWKHDQDO\VLVRIWKHVHVNHOHWRQVZDV
GRQHXWLOL]LQJGLJLWDO05,LPDJHVLWZDVLPSRVVLEOHWRGHWHUPLQHLIWKHUDWWOHVQDNHFRQWDLQHGVWRPDFK
FRQWHQWV
7KHUHPDLQVRIRQH0H[LFDQJUD\VTXLUUHOSciurus aureogasterLQFOXGLQJVHYHQFUDQLDO
IUDJPHQWVWKLUGULJKWPHWDFDUSDOVHYHQSKDODQJHVWZRFODZVDQGLQFLVRUVZHUHIRXQGLQ(QWLHUUR
7KHVHERQHV(OHPHQWRKDGHYLGHQFHRIEXUQLQJ,WLVGLIILFXOWWRLQWHUSUHWLIWKHVHUHPDLQVZHUH
SDUWRIWKHILOOPDWUL[RUZHUHFRQVXPHGE\WKHRWKHUDQLPDOVLQWKHEXULDOFKDPEHU$VWKHVHERQHVZHUH
LVRODWHGDQGEHFDXVHURGHQWVDQGODJDPRUSKVZHUHWKHSUHIHUUHGSUH\DPRQJWKHVDFULILFLDOYLFWLPVLWLV
DVVXPHGWKDWWKHUHPDLQVRIWKHVTXLUUHOZHUHPHUHO\SDUWRIWKHILOOUHIXVH
3ULPDU\%XULDOV
 6XPPDUL]LQJWKH]RRDUFKDHRORJLFDOHYLGHQFHRISULPDU\GHSRVLWVWKHVSHFLHVGLYHUVLW\DQGWKHLU
GLVWULEXWLRQLQGLFDWHWKDWWKH7HRWLKXDFDQRVZHUHFDUHIXOO\VHOHFWLQJKLJKO\VSHFLDOL]HGDQLPDOVIRUWKH
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ULWXDOVSHFWDFOH)HOLGVZROYHVHDJOHVDQGUDWWOHVQDNHEHFDPHNH\VDFULILFLDOYLFWLPVSDUWLFXODUO\GXULQJ
WKHIRXUWKFRQVWUXFWLRQSKDVHREVHUYHGLQ(QWLHUURVDQGDVWKH\ZHUHWKHRQO\SULPDU\EXULDOVWKDW
ZHUHUHSHDWHGO\XWLOL]HGLQPXOWLSOHRIIHULQJFRQWH[WVDVVDFULILFLDOYLFWLPV7KHPDMRULW\RIWKHRWKHU
DQLPDOVWKDWDPSOLILHGWKHVSHFLHVGLYHUVLW\ZHUHPRVWO\FRPSRVHGRIVHFRQGDU\GHSRVLWVSDUWLFXODUO\RI
GLYHUVHDYLDQVSHFLHV7KHRQHH[FHSWLRQLVWKHFURZWKDWZDVIRXQGLQ(QWLHUURDVVRFLDWHGZLWKDQHDJOH
LQWKLVFDVHWKLVLQGLYLGXDOZDVSUREDEO\GHSRVLWHGFRPSOHWH
7KH]RRDUFKDHRORJLFDOLQYHVWLJDWLRQRIWKHVHSULPDU\EXULDOVGHPRQVWUDWHGDFRPSOLFDWHG
QDUUDWLYHZKHUHDQLPDOVZHUHFDSWXUHGLQDQWLFLSDWLRQWRWKHULWXDOWREHWDPHGDQGNHSWZLWKLQWKHFLW\
FRQILQHV0DQ\SDWKRORJLFDOLQGLFDWRUVVXJJHVWHGWKHUHZDVDGHHSXQGHUVWDQGLQJRIDQGLQWHUDFWLRQZLWK
WKHVHIHURFLRXVFDUQLYRUHVEHIRUHDQGGXULQJWKHULWXDOVSHFWDFOH3DUWLFXODUO\DPRQJHDJOHUHPDLQV
FRPSOH[OLIHKLVWRULHVRIWKHVHUDSWRUVZDVSUHVHQWHGGHPRQVWUDWLQJWKDWHYHQVHFRQGDU\EXULDOVZHUH
FRPSRVHGRILQGLYLGXDOVWKDWZHUHPRVWOLNHO\FDXJKWLQSUHSDUDWLRQWRWKHULWXDOHYHQWNHSWLQ
FRQILQHPHQWDQGSURFHVVHGH[WHQVLYHO\SRVVLEO\HYHQE\DWD[LGHUPLVWWRSDUWLFLSDWHLQWKHULWXDO
SHUIRUPDQFHORRNLQJLQWDFW,WZDVDUJXHGWKDWPDQ\RIWKHVHSULPDU\EXULDOVHVSHFLDOO\IURP(QWLHUURV
DQGZHUHEXULHGDOLYH,QFRQWLQXDWLRQWKHIDXQDOUHPDLQVRIVHFRQGDU\GHSRVLWVULWXDOSDUDSKHUQDOLD
DUHGLVFXVVHGWRUHFUHDWHWKHSURGXFWLRQSURFHVV

175


&KDSWHU
6HFRQGDU\%XULDOV5HSURGXFLQJ5LWXDOL]HG3URGXFWLRQ
$QLPDOSURGXFWVDUHRIWHQHODERUDWHO\GHSLFWHGLQWKHLFRQRJUDSKLFUHFRUGWKURXJKRXW
0HVRDPHULFD$QLPDOERGLHVZHUHDIXQGDPHQWDOFRPSRQHQWRIULWXDOSHUIRUPDQFHVDVWKH\ZHUHXWLOL]HG
DVFRVWXPHVPXVLFDOLQVWUXPHQWVDGRUQPHQWSUD\HUVWLFNVDQGRWKHUULWXDOUHJDOLD7KHXVHRIVXFK
DQLPDOERG\SDUWVHQVRXOHGWKHZHDUHUZLWKWKHDQLPDO¶VVSLULWSK\VLFDOO\PDQLIHVWHGDQGUHHQDFWHGLQ
ULWXDOSHUIRUPDQFHV$QDO\VHVRIVXFKULWXDOSDUDSKHUQDOLDLQFRUSRUDWHGLQWRGHGLFDWRU\FDFKHVDUH
SUHVHQWHGVHSDUDWHO\LQWKLVFKDSWHUEHFDXVHDGLVWLQFWLQWHUSUHWLYHSDUDGLJPWKDQWKDWXWLOL]HGIRUSULPDU\
EXULDOVLVDSSOLHG7KLVFKDSWHUDWWHPSWVWRUHFRQVWUXFWWKHULWXDOL]HGSURGXFWLRQRIDQLPDOSDUDSKHUQDOLD
DQGZKDWWKHHQGSURGXFWZRXOGKDYHORRNHGOLNHZKHQLWHQWHUHGWKHULWXDOVFHQH,QUHFRQVWUXFWLQJWKH
SURFHVVHVJRYHUQLQJWKHPDQXIDFWXUHRIKLJKO\VSHFLDOL]HGIDXQDOSURGXFWVVRPHRIWKHTXHVWLRQVDVNHG
DUHZKLFKDQLPDOVZHUHFKRVHQWREHVDFULILFLDODQLPDOVYHUVXVVHFRQGDU\SURGXFWVZKHQGLGSURGXFHUV
FRPHLQFRQWDFWZLWKWKHUDZPDWHULDOIUHVKNLOORUSRVWGHFRPSRVLWLRQKRZVWDQGDUGL]HGZDVWKH
SURGXFWLRQSURFHVVZHUHWKHUHFKURQRORJLFDOWUHQGVLQSURGXFWLRQWHFKQLTXHVLVWKHUHHYLGHQFHIRU
FDSWLYHPDQDJHPHQWRIDQLPDOVXVHGIRUSURGXFLQJULWXDOSDUDSKHUQDOLDDQGZKDWERG\SDUWVZHUH
LPSRUWDQWIRUHDFKRIWKHVSHFLHVLQYROYHG
 7KHPHWKRGRORJ\DSSOLHGLVWKHVDPHULJRURXV]RRDUFKDHRORJLFDODQDO\VHVEXWWKHUHLVDPRUH
DFXWHIRFXVRQUHFRUGLQJWKHHOHPHQWGLVWULEXWLRQDQGVXUIDFHPRGLILFDWLRQV7KHRYHUODSDQDO\VLVYLYLGO\
LOOXVWUDWHVZKLFKERG\SDUWVZHUHUHSHDWHGO\XWLOL]HGDVSDUWRIWKHILQDOSURGXFWYHUVXVZKDWDUHDVZHUH
GLVFDUGHGGXULQJSURFHVVLQJ7KHORFDWLRQRIVXUIDFHPRGLILFDWLRQVVXFKDVFXWPDUNVIUDFWXUHVDQG
SHUIRUDWLRQVKHOSGHWHFWSDWWHUQLQJUHGXQGDQF\DQGSXUSRVLYHQHVV/\PDQ:HUHWKHVH
PRGLILFDWLRQVLQIOLFWHGGXULQJSHOWH[WUDFWLRQGLVPHPEHUPHQWRUH[WUDFWLRQRIRWKHUVHFRQGDU\SURGXFWV"
'RSHUIRUDWLRQVLQGLFDWHDWWHPSWVWRNHHSVNHOHWDOLQWHJULW\RUWKHFRQVWUXFWLRQRIDGRUQPHQWV",QVRPH
FDVHVSDUWLFXODUVNHOHWDOHOHPHQWVZHUHGHSRVLWHGEDUHZKLOHRWKHUPDWHULDOVZRXOGKDYHEHHQSUHSDUHG
SHOWVRUIHDWKHUHGFDSHV,QWKLVPDQQHU,SURSRVHDYLVXDOVFKHPDRIZKDWWKHILQDOSURGXFWHQWHULQJWKH
ULWXDOVFHQHZRXOGKDYHORRNHGOLNH
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

)HOLGV
 7ZRDVSHFWVZHUHDQDO\]HGWKURXJKRYHUODSDQDO\VLVRQSUHSDUHGIHOLGDUWLIDFWVHOHPHQW
GLVWULEXWLRQDQGWKHVSDWLDOSDWWHUQLQJRIFXOWXUDOPRGLILFDWLRQV)URPWKHVHWZRDQDO\VHVRYHUDOOSDWWHUQV
LQWKHULWXDOL]HGSURGXFWLRQSURFHVVRIVSHFLDOL]HGIHOLGULWXDOSDUDSKHUQDOLDZHUHREVHUYHG3DUWLFXODU
DVSHFWVDERXWKRZWKHVHFUDQLDZHUHSUHSDUHGDQGZKDWWKHILQDOSURGXFWGHSRVLWHGLQWKHRIIHULQJORRNHG
OLNHLVGLVFXVVHGIRUHDFKRIWKHFRQWH[WV
Element distribution 
7KHUHZDVDQREYLRXVIRFXVRQVNXOOVWKURXJKRXWDOOGHGLFDWRU\FDFKHVIRUIHOLGVDQGFDQLGV
GHVFULEHGEHORZ6RPHWLPHVWKHLUFODZVDQGSKDODQJHVZRXOGEHGHSRVLWHGWRJHWKHUZLWKWKHVNXOORU
JURXSHGDVDQLQGHSHQGHQWXQLW8QOLNHWKHDYLDQPDWHULDOVQRRWKHULVRODWHGHOHPHQWVZHUHGHSRVLWHG
7KHVHFODZVPD\KDYHEHHQDWWDFKHGWRSHULVKDEOHSHOWVDVWKH\WHQGWREHH[WUHPHO\GLIILFXOWWRVHSDUDWH
IURPLWVVNLQ
7KHRYHUODSDQDO\VLVRIFUDQLDOHOHPHQWVIURPHDFKRIWKHFRQWH[WVZDVFHQWUDOWRGHVLJQDWLQJ
ILQDO01,FRXQWVWKDWDUHUHIOHFWHGLQ7DEOH7KLVZDVSDUWLFXODUO\WKHFDVHIRUVHFRQGDU\EXULDOV
ZKHUHWKHGHOLQHDWLRQRIDQLQGLYLGXDOZDVH[WUHPHO\GLIILFXOWGXULQJH[FDYDWLRQVDQGPDQ\HOHPHQWV
ZHUHSUREDEO\PL[HGZLWKRWKHUQHDUE\FRQWH[WV7KHRYHUODSDQDO\VLVRIWKHFUDQLXPDQGWKHPDQGLEOH
ZHUHWKHSULPDU\HOHPHQWVXWLOL]HGSD\LQJSDUWLFXODUDWWHQWLRQWRLWVGHQWLWLRQDVLWLVWKHKDUGHVWEHVW
SUHVHUYHGDQGPRVWUHDGLO\LGHQWLILDEOHHOHPHQW)RUH[DPSOHWKHVFDUFHSUHVHQFHRIWKHFUDQLDOIUDJPHQWV
LQ(QWLHURFRQWUDVWVVKDUSO\ZLWKWKHH[WUHPHO\GHQVHRYHUODSRIWKHWHHWK)LJXUH,WLVIURPVXFK
DQDO\VHVWKDWDQ01,RIZDVFDOFXODWHGGHVSLWHWKHSUHVHQFHRI(OHPHQWRQXPEHUVDVVLJQHGGXULQJ
H[FDYDWLRQVQRFRPSOHWHQRULVRODWHGFODZSKDODQJHHOHPHQWVLQFOXGHG7KLVQXPEHULVPRUHUHDOLVWLF
WKDQWKHWRWDORIVXEGLYLGHG(OHPHQWRQXPEHUVHJ(OHPHQWRZDVGLYLGHGWR(OHPHQWR
DQG7DEOH
6RPHDUHDVRIWKHFUDQLXPZHUHFRQVLVWHQWO\UHWDLQHGZKLOHRWKHUVZHUHGLVFDUGHGGXULQJVNXOO
SURFHVVLQJ8QIRUWXQDWHO\WKHPDWHULDOVIURP(QWLHUURZHUHQRWFRPSDUDEOHEHFDXVHWKHVHILQGLQJV
ZHUHVNHZHGE\WKHWDSKRQRPLFDOSURFHVVHVWKDWRQO\SUHVHUYHGLWVGHQWLWLRQ
177



)LJXUH2YHUODSDQDO\VLVRIWKHFUDQLDOIUDJPHQWVRIVHFRQGDU\GHSRVLWVRIIHOLGVIURP(QWLHUUR

:KHQDYDLODEOHRQO\WKHPD[LOODU\HOHPHQWVZHUHLGHQWLILHGDQGDSDULHWDOIUDJPHQWZDVWKHRQO\RWKHU
ERQHUHSUHVHQWHG$VLPLODUDUJXPHQWFDQEHPDGHIRUWKHREYLRXVGLIIHUHQFHLQWKHRYHUODSRIPD[LOODU\
GHQWDOIUDJPHQWVIRXQGLQ(QWLHUURYHUVXVWKHUHODWLYHO\ORZGHQVLW\RIWKHERQ\DUHDV1RQHWKHOHVVDW
OHDVWKDOIWKH01,PDWHULDOVFRQWDLQHGDVVRFLDWHGFUDQLDOERQHVWKDWZHUHPDSSHGRXWSURYLGLQJDXVHIXO
FRPSDULVRQ
*HQHUDOO\WKHUHDUHWZRSDWWHUQVLQWKHSURFHVVLQJWHFKQLTXHVRIIHOLGFUDQLDWKRVHWKDWDWWHPSWHG
WRUHWDLQWKHPDMRULW\RIWKHFUDQLXPLQWDFWH[WUDFWLQJWKHHQFHSKDOLFPDVVIURPDVPDOORSHQLQJLQWKH
RFFLSLWDOUHJLRQDQGWKRVHWKDWGLVFDUGHGWKHPDMRULW\RIWKHEUDLQFDVHOHDYLQJRQO\WKHIURQWDOSRUWLRQRI
WKHFUDQLXPLQWDFW(QWLHUURVDQGDQG2IUHQGDXVXDOO\IDYRUHGWKHIRUPHUSURFHVVLQJWHFKQLTXH
ZKLOH(QWLHUURFRQWDLQVQRHYLGHQFHRIWKHQHXURFUDQLXP)LJXUH7KHVLPLODULW\REVHUYHGEHWZHHQ
(QWLHUURVDQGZHUHQRWVXUSULVLQJFRQVLGHULQJWKHFORVHWHPSRUDORYHUODSDVZHOODVWKHSDUDOOHOV
REVHUYHGLQWKHRYHUDOOFRPSRVLWLRQRIWKHIDXQDOPDWHULDOV2QO\RQHIHOLGVNXOOZDVGHSRVLWHGLQ2IUHQGD
DWWKH6XQ3\UDPLGLWPRUHFORVHO\PDWFKHVWKHSUHSDUDWLRQWHFKQLTXHVDVVRFLDWHGZLWK(QWLHUURVDQG
ZKLFKNHSWWKHPDMRULW\RIWKHQHXURFUDQLXPLQWDFW
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


)LJXUH2YHUODSDQDO\VLVRIVHFRQGDU\IHOLGUHPDLQVIURP(QWLHUURVDQGD]\JRPDWLF
ERQHEODFULPDOERQHFFRQG\ORLGIRVVDGQHXURFUDQLXPHPD[LOODDQGIQXFKDOFUHVW
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


)LJXUH([DPSOHVRIWZRFUDQLDOSUHSDUDWLRQW\SHVIURP(QWLHUURDSUHSDUHGMDJXDU
(OHPHQWRDQGESUHSDUHGSXPD(OHPHQWR


)LJXUH3XPDDQGMDJXDUFUDQLDORYHUODSIURP(QWLHUUR
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

'HVSLWHWKHVHJHQHUDOWUHQGVWKHUHZDVVWLOODODUJHGHJUHHRIYDULDWLRQZLWKLQDQRIIHULQJ7KLV
ZDVSDUWLFXODUO\WKHFDVHZLWK(QWLHUURDOWKRXJKWKHPDMRULW\RIZHOOSUHVHUYHGVNXOOVFRQWDLQHGWKH
QHXURFUDQLXPRWKHUVZHUHKLJKO\SURFHVVHG$QH[FHOOHQWH[DPSOHRIWKLVLQWUDRIIHULQJYDULDWLRQLVWKH
FUDQLXPRIDMDJXDULQIDQW(OHPHQWRWKDWZDVKLJKO\SURFHVVHGDQGWKDWRID\RXQJDGXOWSXPD
VNXOO(OHPHQWRZKLFKUHWDLQHGWKHEUDLQFDVH)LJXUH7KLVYDULDWLRQZDVQRWFDXVHGE\
GLIIHUHQFHVEHWZHHQWKHPDQXIDFWXUHRISXPDYHUVXVMDJXDUSDUDSKHUQDOLDDVERWKVSHFLHVZHUHSUHSDUHG
YDULDEO\EHWZHHQKLJKO\SURFHVVHGDQGPRUHFRPSOHWHFUDQLD)LJXUH:KDWWKLVVXJJHVWVLVWKDWWKHUH
ZDVQRZHOOHVWDEOLVKHGVWDQGDUGL]DWLRQLQWKHPDQXIDFWXULQJWHFKQLTXHVRIIHOLGFUDQLDIURP(QWLHUUR
SRVVLEO\EHFDXVHWKHVRXUFHVIURPZKLFKWKHVHFUDQLDOERQHVZHUHEURXJKWLQDOVRYDULHG
2QPDQ\RFFDVLRQVWKHPDQGLEOHZDVEHWWHUSUHVHUYHGWKDQWKHFUDQLXPDOORZLQJIRUPRUH
DFFXUDWH01,FRXQWVEDVHGRQWKHRYHUODSDQDO\VLV)RUH[DPSOHWKH01,FRXQWEDVHGRQWKHFUDQLDO
IUDJPHQWVIURP(QWLHUURZDVHLJKWZKLOHWKHWRWDORIWKHPDQGLEOHSLHFHVZHUHQLQH7KLVLVSUREDEO\
EHFDXVHWKHPDQGLEOHLVFRPSRVHGRIDWKLFNHUFRUWLFDOERQHWKDQWKHVRIWHUDQGLUUHJXODUFUDQLDO
IUDJPHQWV/LNHWKHFUDQLXPWKHUHZHUHJHQHUDOO\WZRPHWKRGVRIPDQGLEOHSURFHVVLQJ)LJXUH2Q
WKHRQHKDQGVRPHUHWDLQHGWKHUDPXVDQGFRURQRLGSURFHVVNHHSLQJWKHPDVWRLGFRURQRLGDUWLFXODWLRQ
LQWDFW2QWKHRWKHUKDQGRWKHUVZHUHPRUHH[WHQVLYHO\SURFHVVHGGLVFDUGLQJWKHUDPXVHLWKHUDIWHUWKH
0RULQEHWZHHQWKH3PDQG0MXQFWXUH,QVXFKFDVHVWKHPDQGLEOHDQGFUDQLXPZRXOGQRWKDYH
EHHQDUWLFXODWHGDWWKHWLPHRIGHSRVLWLRQEXWVLPSO\ODLGRQWRSRIRUEHVLGHHDFKRWKHU
(QWLHUURZDVWKHRQO\FRQWH[WWKDWFRQVLVWHQWO\IDYRUHGWKHIXOOSURFHVVLQJRIWKHPDQGLEOHQRQH
RIWKHPDQGLEOHVUHWDLQHGWKHUDPXVFRURQRLGSURFHVVDUWLFXODUSURFHVVRUDQJXODUSURFHVV(QWLHUURV
DQGVHHPWRKDYHDSSOLHGERWKWHFKQLTXHVGHPRQVWUDWLQJLQWUDRIIHULQJYDULDWLRQ(QWLHUURDQG
2IUHQGDRIWKH6XQ3\UDPLGRQWKHRWKHUKDQGSUHVHUYHGWKHHQWLUHPDQGLEOHDOWKRXJKWKHSUHVHUYDWLRQ
REYLRXVO\FDXVHGVRPHGHJUHHRIYDULDWLRQ
Surface modification 
6XUIDFHPRGLILFDWLRQVLQFOXGLQJFXWPDUNVIUDFWXUHVEXUQPDUNVDQGSDWKRORJLHVZHUHLGHQWLILHG
RQWKHSKDODQJHVFUDQLDDQGPDQGLEOHV3KDODQJHVZLWKFXWPDUNVSDUWLFXODUO\DORQJLWVVKDIWLPSOLHV
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

)LJXUH2YHUODSDQDO\VHVRIIHOLGPDQGLEOHVIURP(QWLHUURVDQGDERG\RIPDQGLEOHE
UDPXVFFRUDQRLGSURFHVVDQGGDQJOH

WKDWWKHSHOWRIWKLVDQLPDOZDVFDUHIXOO\H[WUDFWHGFXWWLQJDORQJWKHERQHVULJKWXQGHUQHDWKWKHVNLQ
0DQ\RIWKHSKDODQJHVIRXQGLVRODWHGKDGQRFXWPDUNVZKLOHVRPHRIWKHFODZVSKDODQJHVDVVRFLDWHG
ZLWKLWVKHDGH[KLELWHGFXWPDUNVVXJJHVWLQJWKDWLQWKHIRUPHUFDVHWKHSHOWZDVVWLOODWWDFKHGZKLOHLQ
WKHODWWHUWKHGLJLWVZHUHLVRODWHGIURPLWVSHOW$JRRGH[DPSOHRIWKLVVFHQDULRDUHWKHUHPDLQVRIGLVWDO
SKDODQJHVRIERWKWKHIRUHDQGKLQGOLPEDVVRFLDWHGZLWKDSXPDVNXOOIURP2IUHQGDLQWKH6XQ3\UDPLG
ZKLFKFRQWDLQHGPXOWLSOHFXWPDUNVLQJUDLQHGDORQJWKHODWHUDODQGPHGLDOVKDIW)LJXUH,WZRXOG
KDYHEHHQGLIILFXOWWRH[WUDFWWKHSHOWFRPSOHWHO\IURPWKHLUGLJLWVDQGPD\EHDFRPSOHWHSDZZRXOGEH
GHSRVLWHGZLWKWKHKHDG,QVRPHFDVHVWKHDUWLFXODUVHVDPRLGVZHUHVWLOOSUHVHQW(J(OHPHQWR
(QWLHUURVXJJHVWLQJWKDWWKHLUSDZVZHUHVWLOODUWLFXODWHG
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


)LJXUH3KDODQJHVRISXPD(OHPHQWRZLWKFXWPDUNVDORQJWKHVKDIW

)LJXUH)HOLGGLJLW(OHPHQWRIURP(QWLHUURZLWKSDWKRORJ\RQWKHSUR[LPDOOHIW
SKDODQJH

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
,QRQHLQVWDQFH(OHPHQWR(QWLHUURDVHWRISKDODQJHVWZRVHVDPRLGVDQGDFODZRID
VLQJOHGLJLWZHUHIRXQGZLWKDSDWKRORJ\RQLWVSUR[LPDOSKDODQJH)LJXUH7KHUHZDVDSSDUHQW
UHPRGHOLQJDURXQGWKHVKDIWRIWKLVSKDODQJHSRVVLEO\FDXVHGE\DQLQMXU\8QIRUWXQDWHO\WKHORFDWLRQ
ZKHUHWKHVHERQHVZHUHH[FDYDWHGFRXOGQRWEHFRQILUPHGWRLQYHVWLJDWHLIWKLVGLJLWZDVDVVRFLDWHGZLWK
DQ\RWKHUERQHV7KLVSDWKRORJ\SDUDOOHOVHYLGHQFHIRUZRXQGHGDQGVLFNDQLPDOVNHSWLQFDSWLYLW\IRU
VDFULILFHGLVFXVVHGLQWKHSUHYLRXVFKDSWHU:KLOHQRFRQFOXVLRQVDERXWLWVFDSWLYHVWDWHFDQEHPDGH
EDVHGRQWKLVVLQJXODUILQGLWVWLOOEULQJVXSWKHSRVVLELOLW\WKDWVRPHRIWKHIHOLGVXWLOL]HGIRUULWXDO
SDUDSKHUQDOLDZHUHDOVRNHSWLQFRQILQHPHQW&HUWDLQO\WKHUHZDVDPSOHHYLGHQFHRIWKLVSUDFWLFHDPRQJ
SUHSDUHGHDJOHVDQGVKRXOGDOVREHFRQVLGHUHGIRUWKHIHOLGUHPDLQV
7KHUHPDLQVRIDPDWXUHSXPDIURP(QWLHUUR(OHPHQWRDOVRVXSSRUWVWKLVK\SRWKHVLV,W
H[KLELWHGDSDWKRORJ\RQWKHLQIHULRUPDQGLEXODUV\PSK\VLVWKDWZDVFRPSOHWHO\IXVHGDQGDEXPSRQWKH
FKLQZDVLGHQWLILHG,WLVOLNHO\WKDWWKHERQHZDVLQIODWHGHLWKHUDVDUHVXOWRIEHLQJKLWRQLWVFKLQRUVRPH
FRPSOLFDWLRQGXULQJWKHIXVLRQRIWKHV\PSK\VLVFDXVLQJDEQRUPDOERQHUHPRGHOLQJLQWKLVDUHD7KLV
LQGLYLGXDOUHSUHVHQWVRQHRIWKHODUJHVWIHOLGVNXOOVIRXQGLQWKLVFROOHFWLRQDQGZDVLQLWLDOO\PLVLGHQWLILHG
DVDMDJXDUGXHWRLWVVL]H3URQRXQFHGPXVFOHPDUNLQJVDOVRGHPRQVWUDWHWKLVZDVDYHU\ODUJHPDOH,WV
FUDQLXPDQGPDQGLEOHZDVRQHRIWKHRQO\WKUHHHOHPHQWVZLWKFXWPDUNVLQWKLVFRQWH[W
7KHTXDQWLW\RIFXWPDUNVRQFUDQLDYDULHGVLJQLILFDQWO\UDQJLQJIURPVRPHZLWKDEVROXWHO\QR
FXWPDUNVWRRWKHUVZLWKPXOWLSOHPDUNVHWFKHGRQWRDVLQJOHERQH+RZHYHULWZDVLPSRVVLEOHWR
TXDQWLI\WKHVHUHVXOWVEHFDXVHRIWKHVWURQJELDVLQERQHSUHVHUYDWLRQLQVRPHFDVHVFRPSOHWHO\
HOLPLQDWLQJDQ\SRVVLELOLW\WRUHFRQVWUXFWWKHERQHVGXHWRLWVSRZGHUHGVWDWH7KLVZDVWKHFDVHIRU
(QWLHUURZKHUHWHHWKZHUHWKHRQO\HOHPHQWVUHOLDEO\UHFRQVWUXFWHGDQGRQO\RQHPDQGLEOH(OHPHQWR
GLVSOD\HGFXWPDUNV7KLVSUREDEO\GRHVQRWPHDQWKDWWKHUHZHUHQRVXUIDFHPRGLILFDWLRQVEXW
UDWKHUGHPRQVWUDWHVWKHH[WUHPHO\GHJUDGHGVWDWHRIWKHFROOHFWLRQWKDWREVFXUHGVXFKILQGV
([DPLQLQJWKHFUDQLDIURP(QWLHUURVDQGWKHSHUFHQWRIVNXOOVZLWKFXWPDUNVDQGWKH
GHQVLW\RIFXWPDUNVRQFUDQLDIURP(QWLHUURVDQGZDVKLJKHUZKLOHUHODWLYHO\OLWWOHFXWPDUNVZHUH
UHFRUGHGRQFUDQLDIURP(QLWHUUR)LJXUH2IUHQGDRIWKH6XQ3\UDPLGH[KLELWHGPDQ\PRUHFXW
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
PDUNVRQWKLVVLQJOHFUDQLXPWKDQWKRVHUHFRUGHGLQ(QWLHUURGHPRQVWUDWLQJWKHH[WUHPHDEVHQFHRIFXW
PDUNVLQWKLVFROOHFWLRQ
0DQ\RIWKHFXWPDUNVIRXQGRQWKHKHDGZHUHGLVWULEXWHGDORQJDUHDVZKHUHWKHSHOWZRXOGKDYH
EHHQYHU\FORVHWRWKHERQHUHTXLULQJFDUHIXOVFUDSHVWREHPDGHSHUSHQGLFXODUWRWKHERQHWRH[WUDFWWKH
SHOW7KLVH[SODLQVWKHFRQFHQWUDWLRQRIRYHUODSSLQJFXWPDUNVDORQJWKH]\JRPDWLFERQHPDUNLQJWKH
UHSHDWHGVFUDSSLQJPRYHPHQWVDVWKHFDUYHUVWUXJJOHGWRGHWDFKWKHSHOW)LJXUHD,QVRPHFDVHV
WKHVHFXWVZHUHHYHQIRXQGDORQJWKHVXSHULRUVXUIDFHRIWKH]\JRPDWLFERQHDQGHYHQRQWKHODFULPDO
ERQHLQIOLFWHGGXULQJWKHH[WUDFWLRQRIWKHH\HVRFNHW)LJXUHE0XVFOHLQVHUWLRQVDQGDWWDFKPHQW
VLWHVIRUWHQGRQVDUHSRLQWVZKHUHDGGHGSUHVVXUHZRXOGKDYHUHVXOWHGLQFXWPDUNVGXULQJSHOWH[WUDFWLRQ
)RUH[DPSOHGHHSJURYHVZHUHLGHQWLILHGFORVHWRWKHFRQG\ORLGIRVVDZKHUHWKHPDQGLEOHDWWDFKHVWRWKH
FUDQLXP)LJXUHF7KHPDQGLEOHZDVPRVWOLNHO\GLVDUWLFXODWHGIURPWKHFUDQLXPVFUDSLQJDORQJWKLV
MRLQWDVWKHSHOWZDVDOVRH[WUDFWHGIURPWKHPDQGLEOH
:KHQWKHQHXURFUDQLXPZDVSUHVHQWFXWPDUNVZHUHIRXQGDORQJWKHSDULHWDOIURQWDODQG
WHPSRUDOERQHV)LJXUHG7KHVHPDUNVZHUHSDUWLFXODUO\SUHYDOHQWDORQJWKHIURQWDOSDULHWDOMRLQWDV
ZHOODVWKHWHPSRUDOOLQHZKHUHWKHPDVWRLGPXVFOHVDWWDFKHGWRWKHFUDQLXP7KLVVXJJHVWVWKDWQRWRQO\
WKHSHOWEXWDOVRWKHWHPSRUDOPXVFOHVWKDWDWWDFKHGDORQJWKHWHPSRUDOOLQHZHUHH[WUDFWHG$IHZFXW
PDUNVZHUHUHFRUGHGRQWKHYHQWUDOVXUIDFHRIWKHPD[LOODLQGLFDWLQJWKHWKRURXJKVNLQQLQJSURFHVVHYHQ
DORQJLWVVQRXW)LJXUHH
7KHGRUVDORSHQLQJIURPZKLFKWKHVRIWWLVVXHLQWKHEUDLQFDVHZDVUHPRYHGYDULHGLQIRUP
2IWHQSURGXFHUVWRRNDGYDQWDJHRIQDWXUDOVXWXUHVFXWWLQJDORQJWKHHGJHVRIWKHIURQWDOSDULHWDOVXWXUH
WKHWHPSRUDOSDULHWDOVXWXUHRUWKHVSKHQRLGWHPSRUDOMXQFWXUHV,QVRPHFDVHVWKHUHZHUHLUUHJXODU
EUHDNVDVDUHVXOWRIH[WUDFWLQJVROHO\WKHRFFLSLWDOUHJLRQSDUWLFXODUO\E\GHWDFKLQJWKHQXFKDOFUHVW
)LJXUHI7KLVZDVDFFRPSOLVKHGE\HLWKHUFXWWLQJLQWRWKHERQHXVXDOO\PDUNLQJVPRRWKFXWVRUE\
EUHDNLQJWKLVDUHDDZD\,QWKHODWWHUFDVHIUDFWXUHSDWWHUQVLQGLFDWHGWKDWWKLVZDVFRQGXFWHGZKHQWKH
ERQHZDVVWLOOJUHHQDIWHURWKHUVHFRQGDU\SURGXFWVZHUHUHPRYHG

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

)LJXUH)HOLGPD[LOOD(OHPHQWRIURP(QWLHUURZLWKGDUNEXUQHGDUHDVLQGLFDWHGE\WKH
ZKLWHDUURZV

,QRQHLQVWDQFH(OHPHQWR(QWLHUURWKHHGJHVRIWKHPD[LOODDQGDUHDVRIWKHPDQGLEOHRID
SXPDFUDQLXPZHUHGLVFRORUHGEHWZHHQGDUNEURZQDQGEODFNZLWKDIODN\DSSHDUDQFHVXJJHVWLQJWKDW
KHDWZDVDSSOLHGWRWKLVDUHD)LJXUH,WLVSRVVLEOHWKDWWKHKHDWDLGHGWKHSURFHVVLQJSURFHGXUHDVWKH
EXUQPDUNVZHUHIRXQGDORQJWKHHGJHVRIWKHPD[LOODDQGPDQGLEOHDORQJWKHIUDFWXUHV
7KHFXWPDUNGLVWULEXWLRQRQWKHPDQGLEOHYDULHGIRUWKHWZRSURFHVVLQJWHFKQLTXHVZDVDSSOLHG
+DUGO\DQ\FXWPDUNVZHUHUHSRUWHGZKHQRQO\WKHIURQWDOSRUWLRQRIWKHPDQGLEOHZDVFRQVHUYHGYHUVXV
H[WHQVLYHFXWPDUNVZHUHHQJUDYHGDORQJWKHERG\RIWKHPDQGLEOHSDUWLFXODUO\RQWKHODWHUDODQGLQIHULRU
VHFWLRQVDQGLQWKHDQJXODUSURFHVVZKHQWKHHQWLUHPDQGLEOHZDVSUHVHUYHG)LJXUH
,QWKHFDVHRI(QWLHUURWKHGLIILFXOW\LQVHSDUDWLQJWKHFUDQLDOPDQGLEXODUDUWLFXODWLRQZDV
LQGLFDWHGE\WKHGHHSJURYHVLQJUDLQHGDORQJWKHVXSHULRUVXUIDFHRIWKHFRURQRLGSURFHVV)LJXUH
F/LNHWKHFUDQLXPWKHGLVWULEXWLRQRIWKHVHPDUNVFRLQFLGHVZLWKDUHDVZKHUHWKHVNLQZRXOGEHYHU\
FORVHWRWKHERQHODWHUDOVXUIDFHRIWKHERG\RIWKHPDQGLEOHDUWLFXODUVXUIDFHVDQGPXVFOHDWWDFKPHQW
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
DUHDVSDUWLFXODUO\DORQJWKHDQJXODUSURFHVVZKHUHPDQ\PXVFOHVDQGWHQGRQVDWWDFK7KHGLVWULEXWLRQRI
FXWPDUNVRQERWKWKHFUDQLXPDQGPDQGLEOHDJUHHVZLWKWKHLQWHUSUHWDWLRQWKDWWKHSHOWVDQGLQVRPH
FDVHVWKHPHDWDQGRWKHUVRIWWLVVXHZHUHSURFXUHG
Reconstructing felid artifacts 
7KHHOHPHQWDQGFXWPDUNGLVWULEXWLRQLQGLFDWHWZRSUHSDUDWLRQWHFKQLTXHVWKHVNXOOVRIWKH
DQLPDOVZHUHHLWKHUOHIWZLWKPLQLPDOPRGLILFDWLRQWRSUHVHUYHWKHFRPSOHWHIRUPRIWKHVNXOOLQFOXGLQJ
DUHDVRIDUWLFXODWLRQEHWZHHQWKHFUDQLXPDQGPDQGLEOHRUH[WHQVLYHPRGLILFDWLRQRIWKHVNXOOUHVXOWHGLQ
WKHUHWHQWLRQRIWKHVQRXWDQGWKHIURQWDOVHFWLRQRIWKHPDQGLEOH:LWKLQHDFKFRQWH[WWKHUHZDVVRPH
GHJUHHRIYDULDWLRQEXWRYHUDOO(QWLHUURVDQG2IUHQGDIDYRUHGWKHIRUPHUSDWWHUQWKDWDWWHPSWHGWR
UHWDLQWKHIRUPRIWKHFRPSOHWHVNXOOZKLOH(QWLHUURVDQGZHUHFRPSRVHGRIKLJKO\SURFHVVHGDUWLIDFWV
,Q(QWLHUURVDQG2IUHQGDWKHVNXOOVZRXOGKDYHEHHQEDUHZLWKQRSHOWVDWWDFKHGZLWKWKH
H[FHSWLRQRIWKHLVRODWHGSDZVWKDWPD\KDYHEHHQNHSWDUWLFXODWHGWRLWVSHOW7KHVNXOOVZHUHPRVWOLNHO\
SUHSDUHGZKLOHWKHERQHVZHUHLQDJUHHQVWDWHUHTXLULQJH[WUDFWLRQRIVHFRQGDU\SURGXFWVOLNHWKHVNLQ
PHDWDQGRWKHUVRIWWLVVXH7KLVLQWHUSUHWDWLRQLVEDVHGRQWKHH[WHQVLYHGLVWULEXWLRQRIWKHFXWPDUNV
GHPRQVWUDWLQJWKDWWKHVNLQZDVH[WUDFWHGZKLOHWKHPHDWDQGPXVFOHVZHUHVWLOOLQWDFW)UDFWXUHSDWWHUQV
DOVRDJUHHZLWKWKLVLQWHUSUHWDWLRQQRQIUHVKEUHDNVORRNHGOLNHWKH\ZHUHLQIOLFWHGZKLOHWKHERQHZDV
VWLOOJUHHQ
(QWLHUURVDQGRQWKHRWKHUKDQGH[KLELWIHZHUPDUNHUVIRUUHFRQVWUXFWLQJLWVSURGXFWLRQ
SURFHVVPDNLQJLWGLIILFXOWWRGHWHUPLQHZKHQWKHSURFHVVLQJZRXOGKDYHWDNHQSODFH7KHODFNRIFXW
PDUNVZDVH[DFHUEDWHGE\WKHSRRUSUHVHUYDWLRQFRQGLWLRQVZKLFKDOUHDG\PDGHUHFRQVWUXFWLRQVGLIILFXOW
1RQHWKHOHVVZHFDQQRWLJQRUHWKHREYLRXVGLIIHUHQFHLQWKHGLVWULEXWLRQRIFXWPDUNVDQGWKHVSDUVH
RVVHRXVUHPDLQVRIWKHQHXURFUDQLXP0RVWOLNHO\PDQ\RIWKHVNXOOVZHUHSURFHVVHGDWGLIIHUHQWVWDJHV
DGGLQJWRWKHFRQIXVLRQ
,QWRWDORQO\WKUHH(OHPHQWRVIURP(QWLHUURFRQWDLQHGFXWPDUNV$SDLURIFDQLQHV(OHPHQWR
ZDVFXWWUDQVYHUVDOO\ZKHUHWKHHQDPHOHQGVDQGSUREDEO\UHSUHVHQWVDQLVRODWHGSDLURIFDQLQHV
SUHSDUHGLQGHSHQGHQWRIWKHVNXOO7KHPDQGLEOHRI(OHPHQWRRQO\FRQWDLQHGWKUHHPDUNVDORQJWKH
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
LQIHULRUERG\RIWKHVKDIW7KXVRQO\RQHVNXOO(OHPHQWRKDGDQ\H[WHQVLYHHYLGHQFHRIFXWPDUNV
RQERWKWKHFUDQLXPDQGWKHPDQGLEOHUHFRUGLQJWKDWSHOWH[WUDFWLRQWRRNSODFH7KHUHZDVQRHYLGHQFH
WKDWDOORIWKHVNXOOVZHUHSUHSDUHGZKLOHWKHERQHZDVJUHHQQRUWKDWWKH\ZHUHH[WUDFWLQJRWKHU
VHFRQGDU\VRXUFHVIURPWKHVNXOOV
(QWLHUURFRQWDLQHGHYHQOHVVGLUHFWHYLGHQFHRIVXUIDFHPRGLILFDWLRQVRQO\RQHLQGLYLGXDO
(OHPHQWRH[KLELWHGFXWPDUNVRQWKHPDQGLEOH8QIRUWXQDWHO\QRFUDQLDFRQWDLQHGFXWPDUNVIURP
WKLVFKDPEHU7RUHFRQVWUXFWWKHIDXQDOSURGXFWVIURP(QWLHUURWKHFRQWH[WPXVWEHFORVHO\H[DPLQHG
8QIRUWXQDWHO\WKHWDSKRQRPLFDOSURFHVVHVRI(QWLHUURRQWKHIHOLGVNXOOVSUHYHQWHGFUDQLDOIUDJPHQWVWR
EHGUDZQRQWRWHPSODWHVIRUWKHRYHUODSDQDO\VLV7KLVH[SODLQVZK\PRVWRIWKHDQLPDOVZHUHUHSUHVHQWHG
VROHO\E\WKHLUGHQWLWLRQ+RZHYHUWKHUHZHUHQRWHQRXJKFUDQLDOSLHFHVHYHQLIWKH\ZHUHIUDJPHQWHGWR
DFFRXQWIRUWKHQXPEHURIDQLPDOVLGHQWLILHG2QPDQ\RFFDVLRQVPXOWLSOHLQGLYLGXDOVZHUHUHFRUGHG
VRPHWLPHVWRWDOLQJXSWRILYHLQGLYLGXDOVUHSUHVHQWHGLQRQHERQHFRQFHQWUDWLRQ*UHDWHVWRYHUODSZDV
IRXQGRQWKHOHIWPD[LOODU\FDQLQHQ DQGWKHULJKWPDQGLEXODUWKLUGSUHPRODUQ ,QFLVRUVDQG
EDFNFKHHNWHHWKZHUHQRWDVDEXQGDQW7KHVHREVHUYDWLRQVVXJJHVWWKDWVRPHRIWKHPD[LOODU\DQG
PDQGLEXODUERQHVPD\KDYHEHHQSUHSDUHGDVFRPSRVLWHILJXUHVZKHUHWHHWKIURPPXOWLSOHLQGLYLGXDOV
ZHUHGHSRVLWHGDVDVLQJOHULWXDODUWLIDFW7KLVK\SRWKHVLVLVH[DPLQHGLQFRQWLQXDWLRQE\FRPSDULQJWKLV
DVVHPEODJHWRDQLPDODGRUQPHQWVXQFRYHUHGDWWKH)HDWKHUHG6HUSHQW3\UDPLG)63
&DQLGV
 1RWDOOWKHRIIHULQJVLQFOXGHGSUHSDUHGFDQLGVNHOHWRQVDQG(QWLHUURRQO\FRQWDLQHGVFDQW
UHPDLQVRIDKLJKO\IUDJPHQWHGFDQLGKHDGWKDWGLGQRWSUHVHQWVXUIDFHPRGLILFDWLRQV7KXVWKLVVHFWLRQ
RQO\GLVFXVVHVPDWHULDOVIURP(QWLHUURVDQGDVZHOODVDFDQLGVNXOOIURP2IUHQGD)ROORZLQJWKH
DQDO\WLFDOVWUDWHJLHVHPSOR\HGIRUIHOLGVNXOOVSDWWHUQVLQHOHPHQWGLVWULEXWLRQDQGVXUIDFHPRGLILFDWLRQLV
H[DPLQHGWRUHFRQVWUXFWWKHIRUPDQGWKHSURGXFWLRQVHTXHQFHRIFDQLGSDUDSKHUQDOLD
Element distribution 
7KHRYHUODSDQDO\VLVRIWKHFDQLGUHPDLQVZDVHVVHQWLDOWRFDOFXODWHWKH01,RI(QWLHUUR/LNH
WKHIHOLGVNXOOVIURP(QWLHUURPDQ\RIWKHFDQLGVLQFOXGHGH[WUHPHO\GHWHULRUDWHGUHPDLQVWKDWZHUH
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
)LJXUH2YHUODSDQDO\VHVRIFDQLGVNXOOVIURP(QWLHUUR
YDJXHO\GHILQHGLQWKHILHOGLQPDQ\FDVHVOXPSLQJWKHUHPDLQVRIPXOWLSOHLQGLYLGXDOVLQWRRQH(OHPHQWR
QXPEHU(DFKERQHWRRWKIUDJPHQWZDVGUDZQRQWRWHPSODWHVWKDWFDOFXODWHGDWRWDORIVHYHQWHHQZROYHV
EDVHGRQWKHRYHUODSRIWKHPDQGLEXODUWKLUGSUHPRODUDQGVHFRQGPRODU)LJXUH7KLVWRWDOH[FHHGV
DQ\RIWKHRWKHURIIHULQJVDQGLVHYHQPRUHQXPHURXVWKDQWKHIHOLGUHPDLQV2EYLRXVO\WKHUHZDVDQ
HPSKDVLVRQZROYHVLQWKLVFRQWH[W(QWLHUURLQFOXGHGWKHUHPDLQVRIHLJKWVNXOOVDQGRQHFRPSOHWH
SULPDU\EXULDOLQWRWDOQLQHFDQLGVZHUHXVHG
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

)LJXUH2YHUODSDQDO\VHVRIFDQLGVNXOOVIURP(QWLHUUR
([DPLQLQJWKHVSDWLDORYHUODSRIWKHFDQLGFUDQLXPWKHUHZDVDVWULNLQJGLIIHUHQFHEHWZHHQ
(QWLHUUR)LJXUHDQG)LJXUH(QWLHUUR¶VGLVWULEXWLRQREYLRXVO\ODFNHGIUDJPHQWVRIWKH
EUDLQFDVHLQVWHDGWKHLUGLVWULEXWLRQFRQFHQWUDWHGRQGHQWDODQGPD[LOODU\IUDJPHQWV7KHUHZDVDIRFXVRQ
WKHVQRXWRIWKHFDQLGWKHFUDIWHUVGLGQRWFDUHWROHDYHWKHRYHUDOOIRUPRIWKHHQWLUHFUDQLXPLQSODFH
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 2QWKHRWKHUKDQGFDQLGFUDQLDGHSRVLWHGLQ(QWLHUURYDULHG7KUHHVSHFLPHQVZHUHUHGXFHGWR
RQO\WKHVQRXWIRXUFRQWDLQHGDWOHDVWVRPHIUDJPHQWVRIWKHEUDLQFDVHDQGRQO\LWVGHQWLWLRQZDV
LGHQWLILHGIRURQHRIWKHLQGLYLGXDOV:KLOHWKHWHHWKDQGPD[LOODZHUHPRVWDEXQGDQWVHYHUDOFUDQLD
FOHDUO\UHWDLQHGLWVQHXURFUDQLXP7KHRQO\DUHDVWKDWZHUHQRWUHSUHVHQWHGLQFOXGHGWKHRFFLSLWDOUHJLRQ
EHORZWKHQXFKDOFUHVWDQGVRPHDUHDVRIWKHW\PSDQLFEXOODSDODWLQHDQGYRPHUERQH6LPLODUWRWKH
IHOLGFUDQLDWKHRFFLSLWDOUHJLRQZDVPRVWOLNHO\GLVFDUGHGGXULQJWKHH[WUDFWLRQRIWKHHQFHSKDOLFPDVV
ZKLOHWKHDEVHQFHRIWKHW\PSDQLFEXOODSDODWLQHDQGYRPHUERQHFDQPRUHUHDGLO\EHH[SODLQHGE\WKH
WKLQERQHVEHLQJPRUHVXVFHSWLEOHWRWKHKDUVKWDSKRQRPLFDOFRQGLWLRQVRIWKHEXULDOHQYLURQPHQW
7KHFUDQLXPIURP2IUHQGD(OHPHQWRUHWDLQHGWKHQHXURFUDQLXPFRQVHUYLQJWKHRYHUDOO
IRUPRIWKHKHDG)LJXUH7KHFRPSOHWHODFNRIWKHRFFLSLWDOUHJLRQLVQRWVXUSULVLQJ
JLYHQWKHUHSHDWHGDEVHQFHRIWKLVDUHDLQDOOWKHVSHFLPHQVIURP(QWLHUUR7KHDEVHQFHRIWKHUHPDLQLQJ
DUHDVFDQEHH[SODLQHGE\GLIIHUHQWLDOSUHVHUYDWLRQ
7KHSUHSDUDWLRQWHFKQLTXHVRIWKHPDQGLEOHH[KLELWHGPXFKPRUHYDULDWLRQZLWKQRFRQVLVWHQW
SDWWHUQVEHWZHHQRIIHULQJV/LNHWKHIHOLGVWKHUHZHUHWZRSUHSDUDWLRQWHFKQLTXHVDSSOLHGRQWKH
PDQGLEOH6RPHPDQGLEOHVZHUHFXWDQGSURFHVVHGODFNLQJWKHUDPXVDUWLFXODUSURFHVVDQGWKHDQJXODU
SURFHVVLQZKLFKFDVHRQO\WKHERG\RIWKHPDQGLEOHZLWKLWVWRRWKURZZHUHSUHVHUYHG2WKHUVODFNHG
WKHVHHOHPHQWVWRYDU\LQJGHJUHHVZKLFKFRXOGDOVREHWKHUHVXOWRIKLJKIUDJPHQWDWLRQLQWKLVDUHDZKLOH
VWLOORWKHUVFRQVHUYHGWKHHQWLUHPDQGLEOH,QWKHFDVHRI(QWLHUURWKHUHZDVDFRPSDUDEOHQXPEHURI
FRPSOHWHPDQGLEOHVQ VRPHWKDWZHUHPRGLILHGPRUHH[WHQVLYHO\Q DQG\HWRWKHUVWKDWRQO\
SUHVHUYHGWKHLUWHHWKQ 'HVSLWHWKHRYHUDOOODFNRIWKHPDQGLEXODUIRVVDZKHUHWKHPDQGLEOHZRXOG
KDYHDWWDFKHGH[FHSW(OHPHQWRWKHSURGXFHUVVWLOOGHFLGHGWRUHWDLQWKHIRUPRIWKHFRPSOHWH
PDQGLEOHRQDWOHDVWILYHRIWKHPDQGLEOHV7KHVHPDQGLEOHVDOWKRXJKFRPSOHWHZRXOGQRWKDYHKDGD
SRLQWRIDUWLFXODWLRQZLWKLWVFRUUHVSRQGLQJFUDQLXP
(QWLHUURVLPLODUO\FRQWDLQHGPDQGLEOHVWKDWUHWDLQHGLWVFRPSOHWHIRUPQ VRPHWKDWZHUH
LQFRPSOHWHQ DQGLQRQHFDVHRQO\LWVGHQWLWLRQZDVSUHVHUYHG,QWZRFDVHV(OHPHQWRVDQG
WKHPDQGLEOHZDVFRPSOHWHDQGWKHPDQGLEXODUIRVVDZDVDOVRSUHVHQWVXJJHVWLQJWKDWWKHPDQGLEOH
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
)LJXUH'UDZLQJRIZROIVNXOOIURP2IUHQGD(OHPHQWR*UH\DUHDVDUHSUHVHQWZKLOH
EODFNOLQHVLQGLFDWHFXWPDUNV

DQGLWVFUDQLXPZHUHDUWLFXODWHGGXULQJGHSRVLWLRQ(OHPHQWRUHWDLQHGPRVWRIWKHPDQGLEOHLQWDFW
EXWKDGYHU\VFDQWUHPDLQVRIWKHFRUUHVSRQGLQJFUDQLXPZLWKRQO\WKHPD[LOODU\ODFULPDODQGIURQWDO
VHFWLRQVSUHVHUYHGGHVSLWHWKHFRPSOHWHPDQGLEOHWKLVVSHFLPHQZRXOGKDYHEHHQGHSRVLWHG
GLVDUWLFXODWHGIURPWKHFRUUHVSRQGLQJFUDQLXP 
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
7KHFDQLGPDQGLEOHIURP2IUHQGDUHWDLQHGPRVWRIWKHPDQGLEOHLQWDFW,QWKLVFDVH,ZDVDEOH
WRFRQILUPWKDWWKHPDQGLEOHZDVVWLOODUWLFXODWHGZLWKWKHPDQGLEXODUIRVVDGXULQJH[FDYDWLRQGHVSLWHWKH
SUHVHQFHRIFXWPDUNVWKURXJKRXWWKHKHDG
Surface Modification 
 7KUHHW\SHVRIVXUIDFHPRGLILFDWLRQVKDYHEHHQUHFRUGHGDPRQJFDQLGFUDQLDFXWPDUNVIUDFWXUHV
DQGLQWHQWLRQDODEUDVLRQZHDULQJ%\IDUWKHPRVWDEXQGDQWLQGLFDWLRQRIWKHSURFHVVLQJWHFKQLTXHVZHUH
FXWPDUNVGLVWULEXWHGWKURXJKRXWWKHVNXOO7KHIUHTXHQF\RIHOHPHQWVZLWKVXUIDFHPRGLILFDWLRQYDULHG
VLJQLILFDQWO\E\RIIHULQJ2QO\WZRVNXOOVRXWRIWKHVHYHQWHHQIURP(QWLHUURH[KLELWHGVXUIDFHPDUNV,Q
FRQWUDVWILYHRXWRIHLJKWKHDGVIURP(QWLHUURH[KLELWHGFXWPDUNVVXJJHVWLQJWKDWRIWKHWLPHWKH
SURFHVVLQJWHFKQLTXHVOHIWVXUIDFHWUDFHV
7KHVNXOOIURP2IUHQGDRIWKH6XQ3\UDPLGVLPLODUO\KDGH[WHQVLYHVXUIDFHIHDWXUHV([DPLQLQJ
WKHLUGLVWULEXWLRQLWEHFRPHVFOHDUWKDWOLNHWKHIHOLGVSHFLPHQVWKHFDQLGKHDGZDVKLJKO\SURFHVVHG
H[WUDFWLQJWKHSHOWDQGRWKHUVHFRQGDU\SURGXFWVSULRUWRWKHLUGHSRVLWLRQ,Q(QWLHUUR(OHPHQWR
ZDVWKHEHVWSUHVHUYHGVNXOOZLWKFOHDUFXWPDUNVDQGIUDFWXUHVGHQRWLQJSURFHVVLQJSURFHGXUHV)LJXUH
,WVPD[LOODZDVIUDFWXUHGWUDQVYHUVHO\DORQJWKHIRXUWKSUHPRODURQERWKVLGHV2QWKHULJKWVLGH
DQRWKHUIUDFWXUHRQWKHODWHUDOVXUIDFHVHSDUDWHGWKHVQRXWIURPWKHUHVWRIWKHFUDQLXPZKLOHRQWKHOHIW
VLGHWKHFUDIWHUGHWDFKHGWKH]\JRPDWLFERQHDORQJWKHQDWXUDOVXWXUHEHWZHHQWKHPD[LOODOHDYLQJQR
FOHDUIUDFWXUHOLQH7KUHHFXWVDORQJWKHODWHUDOVXUIDFHRIWKHOHIWPDQGLEOHGHPRQVWUDWHGLWVVNLQZDV
H[WUDFWHGIURPWKHPDQGLEOH7KHUDPXVFRUDFRLGVSURFHVVDQGDQJXODUSURFHVVZHUHGHWDFKHGIURPWKH
UHPDLQLQJERG\RIWKHPDQGLEOHDQGLWVFRPSOHWHGHQWLWLRQ7KHOHIWUDPXVZDVUHPRYHGIURPWKHERG\RI
WKHPDQGLEOHE\IUDFWXULQJDORQJWKLVGLYLVLRQDQGVPRRWKLQJRXWWKHFLUFXODUHGJH,WVULJKWPDQGLEOH
SUREDEO\ORRNHGVLPLODUDOWKRXJKVRPHWDSKRQRPLFDOGDPDJHREVFXUHGLWVRULJLQDOIRUP
$XQLTXHPRGLILFDWLRQZDVUHFRUGHGRQWKHOHIWPD[LOODU\VHFRQGLQFLVRURIWKHVDPHLQGLYLGXDO
(LWKHUH[WHQVLYHSUHPRUWHPZHDULQJDQGDEUDVLRQRUDSRVWPRUWHPIUDFWXUHWKDWZDVSROLVKHGFDXVHG
WKLVWRRWKWRKDYHDFKLSSHGDQGSROLVKHGVXUIDFH,QFRQWUDVWDOOWKHRWKHULQFLVRUVDOWKRXJKVKRZLQJ
H[WHQVLYHZHDULQJGLGQRWUHVHPEOHWKLVSDWWHUQ$WILUVWJODQFHLWPD\EHDUJXHGWKDWWKLVDEQRUPDO
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
)LJXUH6NXOORIZROI(OHPHQWRZLWKVXUIDFHIHDWXUHVRXWOLQHGLQEODFN
IHDWXUHZDVFDXVHGE\XQQDWXUDOWRRWKZHDUGXULQJFRQILQHPHQW&HUWDLQO\WKHSUHFHGHQWRIDIHOLGVNXOO
ZLWKFRPSOHWHO\ZDUQLQFLVRUVIURP(QWLHUUR(OHPHQWRPDNHWKLVLQWHUSUHWDWLRQDOLNHO\
SRVVLELOLW\+RZHYHUEHFDXVHRQO\RQHWRRWKH[KLELWVWKLVSDWWHUQWKLVIUDFWXUHSUREDEO\RFFXUUHGSRVW
PRUWHPGXULQJVNXOOSURFHVVLQJ
$QRWKHUFUDQLXPIURP(QWLHUUR(OHPHQWRH[KLELWHGFXWPDUNVRQWKHULJKWPD[LOODDORQJ
WKHODWHUDOFRPSRQHQWMXVWDERYHWKHLQWHURUELWDOIRUDPHQDQGWKHERG\RIWKHPDQGLEOH,QWHUHVWLQJO\WKH
FXWPDUNVRQWKHOHIWPDQGLEOHZHUHIRXQGYHU\FORVHWRWKHWRRWKURZMXVWEHORZWKHJDSEHWZHHQWKH
FDQLQHDQGWKHILUVWSUHPRODU&XWPDUNVRQFDQLGPDQGLEOHVZHUHXVXDOO\OLPLWHGWRWKHLQIHULRUKDOIRI
WKHERG\ZKHUHWKHVNLQDWWDFKHVWRWKHERQHPDNLQJWKLVPDUNXQLTXH3HUKDSVWKHJXPVDORQJWKH
PDQGLEOHZHUHGLIILFXOWWRVHSDUDWHIURPWKHERQ\VWUXFWXUH
6XUIDFHPRGLILFDWLRQVRQWKHFDQLGVNXOOVRI(QWLHUURZHUHERWKPRUHIUHTXHQWLQWKHQXPEHURI
LQGLYLGXDOVH[KLELWLQJFXWPDUNVDQGIRUWKHPRVWSDUWWKHGHQVLW\LQZKLFKWKHVHPDUNVZHUHOHIWEHKLQG
2QHRIWKHEHVWH[DPSOHVRIWKLVSDWWHUQLV(OHPHQWRDVHPLFRPSOHWHVNXOORIDIHPDOHZROI
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
)LJXUH:ROI(OHPHQWRIURP(QWLHUURZLWKDWUDQVYHUVDOFXWLQWKHQHXURFUDQLXP

EHWZHHQRQHWRWZR\HDUVRIDJHVHH)LJXUHLQGLVFXVVLRQEHORZ7KLVLQGLYLGXDOZDVSUHSDUHGWR
NHHSWKHFUDQLXPLQWDFWWDNLQJDGYDQWDJHRIQDWXUDOFRQWRXUVRIWKHVNXOOWRGLVORGJHWKHRFFLSLWDOUHJLRQ
DORQJWKHQXFKDOFUHVW,WLVIURPWKLVRSHQLQJWKDWWKHVRIWWLVVXHLQWKHEUDLQFDVHZDVUHPRYHG7KHSHOW
ZDVH[WUDFWHGOHDYLQJORQJVZHHSLQJFXWPDUNVDORQJWKHSDULHWDOVQHDUWKHVDJLWWDOFUHVWDORQJWKHOHIW
]\JRPDWLFDQGRQERWKPDQGLEOHVDORQJWKHERG\$JURXSRISKDODQJHVDQGFODZVZHUHGHSRVLWHG
DORQJVLGHWKHVNXOO7KHQXPEHURIFODZVDVVRFLDWHGZLWKWKLVKHDGQ VXJJHVWVWKHFODZVRIDWOHDVW
WZRLQGLYLGXDOVSHUKDSVPL[HGIURPDQHDUE\ERQHVZHUHSUHVHQW$WOHDVWWKUHHRIWKHSKDODQJHVIURP
WKLVJURXSFRQWDLQHGGHHSHQJUDYLQJVDORQJWKHPHGLDODQGRUODWHUDOVKDIWHYHQDORQJWKHGLJLWVWKH
DUWLVDQVVWUXJJOHGWRGHWDFKWKHSHOW
2WKHUUHJLRQVZLWKFXWPDUNVRQWKHFDQLGVNXOOVIURP(QWLHUURLQFOXGHGWKHPD[LOODMXVW
VXSHULRUWRWKHLQIUDRUELWDOIRUDPHQDORQJWKHWHPSRUDOERQHWKHIURQWDOERQHDQGWKHLQIHULRUKDOIRIWKH
ERG\RIWKHPDQGLEOH)LJXUH2Q(OHPHQWRDORQJWUDQVYHUVDOFXWZDVSODFHGRQWKHSDULHWDO
DQGWHPSRUDOERQHVWRRSHQXSKDOIRIWKHEUDLQFDVHIRUHDV\DFFHVVWRWKHHQFHSKDOLFPDVV)LJXUH
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
3UHSDULQJDMXYHQLOHFDQLGVNXOOIURP2IUHQGDWKHDUWLVDQWRRNDGYDQWDJHRIWKHXQIXVHG
VNHOHWRQVHSDUDWLQJWKHRFFLSLWDOERQHDORQJWKHQXFKDOFUHVWWRFUHDWHDGRUVDORSHQLQJ)LJXUH
/LNH(QWLHUURORQJODUJHVWULDWLRQVRQWKHWHPSRUDOSDULHWDOIURQWDODQG]\JRPDWLFERQHVGHPDUNHGFXW
PDUNV&XWPDUNVZHUHHWFKHGMXVWODWHUDOO\WRWKHPDQGLEXODUIRVVDRQWKHLQIHULRUSRUWLRQRIWKHOHIW
]\JRPDWLFERQHVXJJHVWLQJWKDWWKHODUJHPXVFOHVDVVRFLDWHGZLWKWKLVMRLQWZHUHGHWDFKHGGXULQJ
SURFHVVLQJ6XUURXQGLQJWKHPDVVHWHULFIRVVDRIWKHPDQGLEOHVHYHUDOFXWPDUNVZHUHDOVRREVHUYHG
LPSO\LQJWKLVUREXVWPXVFXODWXUHZDVUHPRYHG
Reconstructing Canid artifacts 
 /LNHWKHIHOLGUHPDLQVWZRJHQHUDOW\SHVRISUHSDUDWLRQWHFKQLTXHVZHUHDSSOLHGWRWKHFDQLG
VNHOHWDOUHPDLQVRQHWKDWUHWDLQHGWKHFRPSOHWHIRUPRIWKHVNXOODQGDVHFRQGWKDWKLJKOLJKWHGRQO\WKH
VQRXWDQGWKHPDQGLEOH,QWKHFDVHRI(QWLHUURERWKW\SHVRISUHSDUDWLRQWHFKQLTXHVZHUHDSSOLHGWRWKH
FDQLGVNHOHWRQV6NXOOVWKDWDWWHPSWHGWRUHWDLQWKHHQWLUHFUDQLXPLQWDFWWHQGHGWRH[KLELWDEXQGDQWFXW
PDUNVRQWKHVNXOOVZLWKFOHDUIUDFWXUHVDQGFXWPDUNVDORQJWKHGRUVDORSHQLQJRIWKHEUDLQFDVHQ ,Q
WKLVFDVHVNXOOSURFHVVLQJSUREDEO\RFFXUUHGZKLOHWKHERQHZDVVWLOOJUHHQDQGLWVSHOWPHDWWHQGRQVDQG
RWKHUSURGXFWVZHUHVWLOODWWDFKHGWRWKHVNXOO7KHFUDQLXPDQGWKHFRUUHVSRQGLQJPDQGLEOHZHUHRIWHQ
GLVDUWLFXODWHGWRIXUWKHUSURFHVVWKHPDQGLEOHVRPHWLPHVFXWWLQJRIIWKHUDPXVWRNHHSRQO\WKHERG\DQG
WRRWKURZLQSODFH7KHKLJKO\SUDLVHGSHOWVRIWKHVHFDUQLYRUHVZHUHH[WUDFWHGIURPWKHHQWLUHVNHOHWRQ
HYHQVFUDSLQJDURXQGWKHGLJLWVOHDYLQJFXWPDUNVRQWKHSKDODQJHVDQGFODZV,WZDVLQWKLVPDQQHUDV
EDUHERQHVWKDWWKHVNXOOVDQGVRPHWLPHVWKHLUFRUUHVSRQGLQJSDZVHQWHUHGWKHULWXDOVFHQH
 2QWKHRWKHUKDQGSUHSDUHGVQRXWVIURPWKHVDPHFRQWH[WGHPRQVWUDWHGYHU\OLWWOHHYLGHQFHRIFXW
PDUNVQ ,QWZRFDVHVFXWPDUNVZHUHGRFXPHQWHGRQWKHERG\RIWKHPDQGLEOH(OHPHQWRDQG
RQWKHIURQWDOUHJLRQRIWKHFUDQLXP(OHPHQWR,QWKLVFDVHLWZDVLPSRVVLEOHWRGLVWLQJXLVKLIWKH
HOHPHQWVZHUHSUHSDUHGSRVWGHSRVLWLRQRUZKLOHWKHERQHZDVVWLOOJUHHQEXWWKHSUHVHQFHRIFXWPDUNV
VXJJHVWVWKDWDWOHDVWWKHSHOWZDVVWLOODWWDFKHGZKHQWKH\ZHUHSURFHVVHG
(QWLHUUR¶VSURGXFWLRQSURFHGXUHVIDYRUHGPRUHFRPSDFWIRUPVUHGXFLQJWKHFUDQLXPWRLWV
VQRXW7KHUHZDVPXFKPRUHFRQVLVWHQF\LQWKHSUHSDUDWLRQWHFKQLTXHVFRPSDUHGWR(QWLHUURGHVSLWHWKH
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
IUDJPHQWDU\HYLGHQFH7KHVHFUDQLDZHUHDFFRPSDQLHGE\WKHFRUUHVSRQGLQJPDQGLEOHVWKDWZHUHHLWKHU
GHSRVLWHGZKROHRUUHGXFHGE\GLVFDUGLQJWKHUDPXV,QPRVWFDVHVWKHVQRXWDQGWKHPDQGLEOHGLGQRW
KDYHDSRLQWRIDUWLFXODWLRQDQGZHUHPRVWOLNHO\GHSRVLWHGGLVDUWLFXODWHGDVEDUHERQHV
7KHSUHVHQFHRIFXWPDUNVRQWKHVNXOOVRI(QWLHUURDOOXGHWRWKHDFWRIVNLQQLQJVFUDSLQJDORQJ
DUHDVZKHUHWKHSHOWFRPHVWRFORVHFRQWDFWZLWKWKHERQH+RZHYHUGXHWRWKHYHU\VFDUFHSURSRUWLRQRI
VNXOOVZLWKFXWPDUNVQ LWLVOLNHO\WKDWVRPHRIWKHVNXOOVZHUHFROOHFWHGDQGSURFHVVHGDIWHUWKHVNLQ
DQGRWKHUVHFRQGDU\SURGXFWVKDGDOUHDG\EHHQUHPRYHG1RZHDWKHULQJSDWWHUQVFRQILUPWKLVK\SRWKHVLV
EXWLWFDQQRWEHUHMHFWHGGXHWRWKHRYHUDOODEXQGDQFHRIKLJKO\IUDJPHQWDU\DQGSURFHVVHGVSHFLPHQV
 $ZROIKHDGIURP2IUHQGDFORVHO\UHVHPEOHVWKHSURFHVVLQJWHFKQLTXHRIWKHIRUPHUFDVHLQ
(QWLHUURWKHHQWLUHKHDGNHSWLWVRULJLQDOIRUPRQO\DOWHULQJWKHRFFLSLWDOUHJLRQ$EXQGDQWFXWPDUNV
ERWKRQWKHFUDQLXPDQGPDQGLEOHVXJJHVWWKDWVHFRQGDU\SURGXFWVZHUHUHPRYHGDVSDUWRIWKH
SURGXFWLRQRIWKHVHVNXOOVDWZKLFKSRLQWWKHFUDQLDOPDQGLEXODUMRLQWZDVGHWDFKHGDVH[HPSOLILHGE\WKH
FXWPDUNVFXWWLQJDORQJWKHHGJHVRIWKLVMRLQW1RQHWKHOHVVWKHLUDUWLFXODUVXUIDFHVZHUHNHSWLQWDFWWREH
GHSRVLWHGFRUUHFWO\DUWLFXODWHGLQWKHRIIHULQJFKDPEHU
(DJOHV
 2QO\(QWLHUURLQFOXGHGVHFRQGDU\EXULDOVQ RIHDJOHV/LIHKLVWRU\UHFRQVWUXFWLRQVDQG
SURGXFWLRQVHTXHQFHRILQGLYLGXDOHDJOHVIURPWKLVFRQWH[WZHUHDOUHDG\GLVFXVVHGLQWKHSUHYLRXVFKDSWHU
DVPDQ\RIWKHVXUIDFHIHDWXUHVFORVHO\UHVHPEOHGWKRVHHQFRXQWHUHGRQSULPDU\EXULDOV,QWKLVPDQQHU
WKH\ZHUHSUHSDUHGWRORRNVRPHZKDWFRPSOHWHVRPHWLPHVXQGHUJRLQJWD[LGHUPLFSUHSDUDWLRQDQGWKXV
VKRXOGEHDQDO\]HGLQFRQMXQFWLRQZLWKWKHSULPDU\EXULDOV7KHUHIRUHWKLVVHFWLRQRQO\EULHIO\GLVFXVVHV
RYHUDOOHOHPHQWDQGFXWPDUNGLVWULEXWLRQVWREHDEOHWRFRPSDUHWKLVDVVHPEODJHWRRWKHUVSHFLHV
Element distribution 
 :KLOHPDQ\RIWKHVHFRQGDU\EXULDOVZHUHVHPLFRPSOHWHGHPRQVWUDWLQJDQRYHUDOOHYHQERG\
SDUWGLVWULEXWLRQWKHUHZHUHSDUWLFXODUSRUWLRQVRIWKHHDJOH¶VERG\WKDWZHUHUHSHDWHGO\XVHGWKH
FUDQLXPPDQGLEOHWKHZLQJVWKHGLJLWVDQGWKHWDORQV)LJXUH7KHRYHUODSDQDO\VLVRQO\WRWDOHG
HLJKWLQGLYLGXDOVEHFDXVH(OHPHQWRGUDZQLQWKHILHOGDVFRQVLVWLQJRIVHYHUDOORQJERQHIUDJPHQWV
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
)LJXUH2YHUODSDQDO\VHVRIWKHVHFRQGDU\HDJOHVIURP(QWLHUUR
ZDVVRIUDJPHQWHGWKDWLWZDVLPSRVVLEOHWRGUDZWKHIUDJPHQWVRQWRDWHPSODWHWKDWUHTXLUHVLGHQWLI\LQJ
WKHHOHPHQWDQGLWVH[DFWORFDWLRQ1RQHWKHOHVVWKHSUHFLVHPDSSLQJRIHDFKRIWKH(OHPHQWRQXPEHUV
FRQILUPVWKDWLQGLYLGXDOVZHUHGLVWULEXWHGWKURXJKRXWWKHGHGLFDWRU\FKDPEHUQLQHRIZKLFKZHUH
SODFHGDVVHFRQGDU\GHSRVLWV
8QOLNHFDQLGDQGIHOLGVHFRQGDU\GHSRVLWVWKDWFRQFHQWUDWHGRQWKHLUKHDGVVRPHWLPHVLQFOXGLQJ
LWVFODZVDQGSKDODQJHVWKHHDJOHVZHUHSURGXFHGHPSKDVL]LQJERG\SDUWVUHODWHGWRORFRPRWLRQLQ
DGGLWLRQWRLWVKHDG,QVRPHFDVHVWKLVGLVWLQFWHOHPHQWGLVWULEXWLRQZDVXVHGDVHYLGHQFHRIWD[LGHUP\
SUHVHUYLQJWKHERG\¶VFRPSOHWHDSSHDUDQFH2QHRIWKHPDLQUHDVRQVIRUWKHIRFXVRQWKHZLQJVZDV
SUREDEO\EHFDXVHWKHORQJIHDWKHUVDWWDFKHGLQWKLVDUHDZHUHKLJKO\YDOXHGFRPPRGLWLHV6LPLODUO\WKH
SRZHUIXOV\PEROLFYDOXHRIWKHHDJOH¶VJUHDWHVWZHDSRQLWVORQJWDORQVVLJQLILHGWKHLPSRUWDQWDVSHFWVRI
WKLVUDSWRU$VLPLODUHOHPHQWGLVWULEXWLRQZDVIRXQGDPRQJRWKHUDYLDQVSHFLHV
Surface Modification 
 6L[RIWKHQLQHHDJOHVSUHVHQWHGFXWPDUNVRUSHUIRUDWLRQVUHFRUGLQJWKHSURFHVVLQJWHFKQLTXHV
DSSOLHGWRWKHVNHOHWRQ3HUIRUDWLRQVPDUNERG\SDUWVWKDWZHUHDOWHUHGWRNHHSVNHOHWDOLQWHJULW\DQGWKLV
ZDVLGHQWLILHGRQWKHVKRXOGHUJLUGOHRI(OHPHQWRDQGWKHGLVWDOHQGRIWKHXOQDRI(OHPHQWR
&XWPDUNVZHUHGLVWULEXWHGDORQJWKHFUDQLXPPDQGLEOHKXPHUXVIHPXUWLELRWDUVXVILEXODDQG
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
WDUVRPHWDWDUVXVERQHVRQPXOWLSOHLQGLYLGXDOVUHFRUGLQJDUHDVZKHUHGLVPHPEHUPHQWRFFXUUHGDQGRU
PHDWRURWKHUVRIWWLVVXHVZHUHH[WUDFWHG)LJXUH7KHDEXQGDQWHYLGHQFHRIDOWHUDWLRQVDORQJWKH
RFFLSLWDOUHJLRQRIWKHHDJOH¶VFUDQLXPZDVWRH[WUDFWWKHHQFHSKDOLFPDVVIURPWKHEUDLQFDVH9DULDWLRQV
LQWKHSURFHVVLQJWHFKQLTXHLQFOXGHGURXQGFLUFXODURSHQLQJDWWKHRFFLSLWDOUHJLRQODUJHRULILFHH[WHQGLQJ
IURPWKHIRUDPHQPDJQXPDQGWUDQVYHUVDOFXWDORQJWKHQXFKDOFUHVW
$IHZRIFXWPDUNVZHUHDOVRIRXQGRQWKHPDQGLEOHDOWKRXJKWKLVZDVUHODWLYHO\UDUHLQ
FRPSDULVRQWRWKHDEXQGDQWFXWPDUNVSUHVHQWRQFDQLGDQGIHOLGPDQGLEOHV$OWKRXJKPDQ\RIWKH
VXUIDFHDOWHUDWLRQVZHUHSODFHGDORQJWKHHQGVRIORQJERQHVEHWZHHQWKHGLDSK\VLVDQGWKHVKDIWZKHUH
PDQ\PXVFOHVDQGWRXJKWHQGRQVDWWDFKWKHUHZHUHDFRXSOHRIFXWPDUNVDORQJWKHPHGLDOVKDIW7KH
ODWWHUSDWWHUQLVXVXDOO\DVVRFLDWHGZLWKPHDWH[WUDFWLRQVXJJHVWLQJWKDWLQVRPHFDVHVWKHHDJOH¶VFDUQDJH
PD\KDYHEHHQUHPRYHG,QFRPSDULVRQRQO\RQHVSHFLPHQH[KLELWHGFXWPDUNVDORQJWKHDUWLFXODU
VXUIDFHVEHWZHHQWKHWLELRWDUVXVDQGWDUVRPHWDWDUVXVVXJJHVWLQJWKDWYHU\IHZDQLPDOVZHUH
GLVPHPEHUHG7KLVGLYHUVHSDWWHUQLQJGHPRQVWUDWHVDYDULHW\RISUHSDUDWLRQWHFKQLTXHVVRPHLQGLYLGXDOV
UHWDLQHGVNHOHWDOLQWHJULW\ZLWKQRGLVPHPEHUPHQWVRPHKDGPHDWDQGRWKHUVHFRQGDU\SURGXFWV
UHPRYHGZKLOHRWKHUVZHUHWD[LGHUPLFDOO\SUHSDUHGWRORRNFRPSOHWH
2QO\RQHFXWPDUNZDVSUHVHQWRQWKHOHIWUDGLXVRI(OHPHQWRDUJXHGWREHWD[LGHUPLFDOO\
SUHSDUHG:LWKWKLVH[FHSWLRQDOORWKHUHDJOHZLQJVGLGQRWFRQWDLQFXWPDUNV7KHZLQJVLVZKHUHODUJH
IOLJKWIHDWKHUVDWWDFKDQGZHUHWKHHOHPHQWVEHVWUHSUHVHQWHGLQWKHFROOHFWLRQWRJHWKHUWKLVSDWWHUQ
VXJJHVWVWKDWWKHLUIHDWKHUVZHUHDWWDFKHGDWWKHWLPHRIGHSRVLWLRQ8QIRUWXQDWHO\WKLVK\SRWKHVLVFDQQRW
EHFRQILUPHGEHFDXVHIHDWKHUVFRXOGHDVLO\EHSOXFNHGDQGOHDYHQRVXUIDFHIHDWXUHV,WLVFHUWDLQO\ZHOO
GRFXPHQWHGWKDWIHDWKHUVZHUHSOXFNHGIURPFDSWLYHELUGVLQERWKRWKHU]RRDUFKDHRORJLFDODQG
HWKQRJUDSKLFFDVHVWXGLHV&KDSWHU
Reconstructing secondary eagles     
 $VWKHPRUHLQGLYLGXDOLVWLFDQDO\VHVRIWKHVHUDSWRUVH[SORUHGLQ&KDSWHUGHPRQVWUDWHGWKHUHLV
YDULDELOLW\LQWKHVHFRQGDU\GHSRVLWVRIUDSWRUVIRXQGLQ(QWLHUUR6RPHLQGLYLGXDOVZHUHGHSRVLWHG
ZKLOHWKHFRUSVHZDVVWLOODUWLFXODWHGGHVSLWHHYLGHQFHWKDWVHFRQGDU\SURGXFWVPHDWWHQGRQVVRIWWLVVXH
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
DQGIHDWKHUVZHUHH[WUDFWHG2WKHUVSUREDEO\ZHUHSUHSDUHGDUWLIDFWVSRVVLEO\IHDWKHUHGFDSHVWKDW
HPSKDVL]HGLWVZLQJV$WWKHVDPHWLPHVRPHRIWKHHDJOHVZHUHSUHSDUHGWD[LGHUPLFDOO\VWXIIHGWRNHHS
VNHOHWDOLQWHJULW\DVWKH\SDUWLFLSDWHGLQWKHULWXDOVSHFWDFOH%HLQJWKHPRVWDEXQGDQWFDVHRIJROGHQ
HDJOHVGHSRVLWHGLQDQ\VLQJXODUFRQWH[WGXULQJWKH7HRWLKXDFDQRFFXSDWLRQLWLVXQGHUVWRRGWKDWVXFK
VHFRQGDU\GHSRVLWVDFFRPSDQLHGWKHSULPDU\VDFULILFLDOYLFWLPVWRFRPSOHWHWKHHLJKWHHQHDJOHVQHFHVVDU\
IRUWKHHYHQW7KHKHWHURJHQHLW\LQWKHSURFHVVLQJWHFKQLTXHVRIWKHVHFRQGDU\GHSRVLWVIRXQGJRKDQGLQ
KDQGZLWKWKHYDULDELOLW\REVHUYHGLQSULPDU\EXULDOV&RPSOH[OLIHKLVWRULHVIRUHWROGLQ&KDSWHU
GHPRQVWUDWHGWKDWERWKVDFULILFLDOYLFWLPVDQGSUHSDUHGDQLPDOSDUDSKHUQDOLDLQWHUDFWHGZLWKWKH
7HRWLKXDFDQSRSXODFHWRGLIIHULQJGHJUHHVVRPHZLWKSDWKRORJLFDOLQGLFDWRUVRIFDSWLYLW\ZKLOHRWKHUV
GLGQRWOHDYH]RRDUFKDHRORJLFDOWUDFHVRIKXPDQDQLPDOLQWHUDFWLRQV
2WKHU$YLDQDQG1RQ/RFDO)DXQD
 ,QFRQWUDVWWRWKHUHGXQGDQWXVHRINH\VSHFLHVLQSULPDU\EXULDOVVHYHUDORWKHUDYLDQDQGQRQ
ORFDOIDXQDZHUHLGHQWLILHGDPRQJVHFRQGDU\GHSRVLWV6XFKVSHFLHVGLYHUVLILHGWKHRIIHULQJVDQG
UHSUHVHQWVHFRQGDU\LFRQVXWLOL]HGLQVWDWHULWXDOV7KH\LQFOXGHGYDULRXVUDSWRUVKDZNVRZOVDQG
IDOFRQVUDYHQVDQGRWKHUJDPHELUGVOLNHWKH&ROXPELGDHGRYHSLJHRQRUWKHTXDLO7DEOH
)XUWKHUPRUHWKHGLVFRYHU\RIWKHVSLGHUPRQNH\LQ(QWLHUURZDVERWKXQH[SHFWHGDQGGLIILFXOWWR
FRQWH[WXDOL]H,WKLJKOLJKWVWKHSDUWLFLSDWLRQRIDYHU\GLVWLQFWQRQORFDOVSHFLHVLQVWDWHULWXDOVXQUHFRUGHG
WKXVIDUDWWKLVVLWH
 0RVWRIWKHVHLQGLYLGXDOVZHUHQRWSULPDU\EXULDOVEXWZHUHUHSUHVHQWHGE\DVXLWHRIHOHPHQWV
WKDWZHUHVHPLFRPSOHWHRUZHUHGHSRVLWHGDVLVRODWHGVNHOHWRQVSUHVXPDEO\WRGHSRVLWQRWRQO\WKHLU
ERQHVDQGWHHWKEXWDOVRRWKHUVHFRQGDU\UHVRXUFHVVXFKDVLWVIHDWKHUV7KLVGHPRQVWUDWHVWKDWNH\VSHFLHV
GHVLJQDWHGDVDSSURSULDWHVDFULILFLDOYLFWLPVZHUHUHVWULFWHGGHOLEHUDWHO\DYRLGLQJWKHXVHRIRWKHUDQLPDOV
IRUVWDWHVDFULILFHV7KHVHRWKHUVSHFLHVZHUHPRVWOLNHO\VXSSOHPHQWDU\ULWXDOSDUDSKHUQDOLDWKDW
DFFRPSDQLHGUHVWULFWHGLFRQLFDQLPDOV
 3HUKDSVEHFDXVHWKH\ZHUHQRWSULPDU\EXULDOVRUEHFDXVHWKHUHPDLQVZHUHVLPSO\WRR
IUDJPHQWDU\WKHUHZDVYHU\OLWWOHLQIRUPDWLRQJDWKHUHGIURPWKHVXUIDFHIHDWXUHV2QO\RQHFURZIURP
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(QWLHUURFRQWDLQHGSDWKRORJLFDOLQGLFDWRUVRILQMXU\9HU\OLWWOHLQIRUPDWLRQDERXWWKHDJHDQGVH[RIWKH
RWKHUDYLDQIDXQDZDVDYDLODEOH2QO\WZRLQGLYLGXDOVZHUHDJHGERWKRIZKLFKZDVJHQHUDOO\FRQVLGHUHG
DQDGXOW7KLVLVEHFDXVHOLNHHDJOHVDJHDQGVH[FDWHJRULHVDUHYHU\GLIILFXOWWRGHWHUPLQHIRUELUGV
SDUWLFXODUO\VLQFHWKH\ZHUHLQFRPSOHWH
Great horned owl (Bubo virginianus) 
 2QO\WZRRZOVZHUHLGHQWLILHGIURPGHGLFDWRU\FRQWH[WVERWKRIZKLFKZHUHGHSRVLWHGLQ
(QWLHUUR:KLOHDVHPLFRPSOHWHERG\FRPSRVHGRIVFDWWHUHGHOHPHQWVRIRQHUDSWRU(OHPHQWR
ZDVUHFRUGHGWKHVHFRQGUDSWRU(OHPHQWRZDVUHSUHVHQWHGE\RQO\RQHZLQJERQHWKHOHIWILUVW
SKDODQJH7KLVLVRODWHGERQHSUREDEO\ZDVFRPSRVHGRIQRWMXVWWKHRVVHRXVHOHPHQWEXWDOVRWKHIHDWKHUV
WKDWDWWDFKLQWKLVDUHD7KHVHPLFRPSOHWHERG\RIDJUHDWKRUQHGRZOZDVDFFRPSDQLHGE\WKHVFDWWHUHG
HOHPHQWVRIVHYHUDODYLDQVSHFLHV²KDZNVUDYHQDQGIDOFRQ²VXUURXQGLQJDQHDJOHDQGKXPDQ
VDFULILFHGRQWKHHDVWHUQERUGHURI(QWLHUUR
Hawk (Buteo sp.) 
 (QWLHUURVDQGIURPWKH0RRQ3\UDPLGDQG2IUHQGDIURPWKH6XQ3\UDPLGLQFOXGHGButeo
VSUHPDLQVHLWKHULGHQWLILHGEURDGO\WRWKHJHQXVRUVSHFLILFDOO\DVWKHURDGVLGHRUUHGWDLOHGKDZN7DEOH
,Q(QWLHUURKDZNVSHFLPHQVZHUHVFDWWHUHGLQWKUHHGLIIHUHQWDUHDV7ZRLQGLYLGXDOVRQH
LGHQWLILHGDVButeoVS(OHPHQWRDQGDQRWKHUVSHFLILHGDVDUHGWDLOHGKDZN(OHPHQWRZDV
IRXQGRQRSSRVLWHVLGHVRIDFRQFHQWULFPRQWDJHRIQLQHREVLGLDQVDFULILFLDONQLYHV(OHPHQWR
LQFOXGHGWKHULJKWZLQJERQHVFDUSRPHWDFDUSXVSKDODQJHDQGSROOH[ZKLOH(OHPHQWRZDV
FRPSRVHGRIDQLVRODWHGULJKWFDUSRPHWDFDUSXVERQH/LNHWKHRZOVSHFLPHQWKHUHDVRQZLQJVZHUHPRUH
DEXQGDQWLVSUREDEO\EHFDXVHWKHLUIHDWKHUVʊKLJKO\YDOXHGFRPSRQHQWVRIULWXDOSDUDSKHUQDOLDʊDWWDFK
RQWKHVHERQHV$FRQFHQWUDWLRQRIKDZNERQHVZDVVLWXDWHGWRWKHHDVWRIWKHULQJRIELIDFHVDQGWKH
DVVRFLDWHGKDZNV6XUURXQGLQJDQHDJOH(OHPHQRWVHYHUDOVHFRQGDU\ELUGVZHUHGHSRVLWHGLQFOXGLQJ
DKDZN(OHPHQWRUHSUHVHQWHGE\ERWKZLQJVDQGSRVVLEO\VRPHRIWKHGLJLWVRQLWVIHHW
 0L[HGZLWKWKHUHPDLQVRIDQHDJOHRQWKHVRXWKHDVWFRUQHURIWKHVDPHGHGLFDWRU\FKDPEHU
(OHPHQWRDFRPSOHWHOHIWXOQDRIDKDZNZDVLGHQWLILHG7KHHDJOHKDGFRQVXPHGDUDEELWDQGDQ
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XQLGHQWLILHGVPDOOELUGVSHFLPHQDQGWKLVKDZNPD\DOVRKDYHEHHQIHGWRWKHDQLPDO$QRWKHUSRVVLELOLW\
LVWKDWWKHKDZNXOQDWRJHWKHUZLWKLWVORQJIOLJKWIHDWKHUVWKDWDWWDFKRQWKLVERQHZHUHGHSRVLWHGULJKW
QH[WWRRURQWRSRIWKHHDJOH7KLVLQWHUSUHWDWLRQSDUDOOHOVWKHHDJOH(OHPHQWRZKLFKZDVEXULHG
ZLWKRWKHUELUGVVXUURXQGLQJWKHSULPDU\EXULDODQGSUHVHQWVDPRUHOLNHO\VFHQDULR
 7KHUHPDLQVRID\RXQJKDZN(OHPHQWRZHUHLGHQWLILHGLQWKHZHVWHUQERDUGHURI(QWLHUUR
2QWKHKXPHUXVERWKVLGHVDQGOHIWWLELRWDUVXVERQHVHYHUDOFXWPDUNVLQGLFDWHGWKDWVHFRQGDU\
SURGXFWVZHUHH[WUDFWHG7KHFXWVRQWKHKXPHUXVZHUHSODFHGDORQJWKHSUR[LPDODQGGLVWDOVKDIWVULJKW
QH[WWRRUDORQJPXVFOHLQVHUWLRQVVXJJHVWLQJWKDWWKH\ZHUHLQIOLFWHGGXULQJPHDWH[WUDFWLRQ7KHFXW
PDUNVDORQJWKHOHIWWLELRWDUVXVDQGWKHODFNRIWKHWDUVRPHWDWDUVXVDQGWKHLUWDORQVVXJJHVWWKHVHFXWV
ZHUHSODFHGGXULQJGLVPHPEHUPHQW
-XVWWRWKHHDVWRIWKLVKDZNULJKWFDUSRPHWDFDUSXVRIDURDGVLGHKDZN(OHPHQWRZDV
PL[HGZLWKUHPDLQVRIDZROIVNXOO7KHVL]HRIWKLVFDUSRPHWDFDUSXVZDVVPDOOHUWKDQ(OHPHQWRZLWK
DYHU\GLVWLQFWVXUIDFHFRORUDQGSUHVHUYDWLRQLQGLFDWLQJWKLVERQHZDVSUREDEO\IURPDVHFRQGKDZNWKDW
ZDVSODFHGLQDVVRFLDWLRQWRWKHFDQLGVNXOOSUREDEO\ZLWKLWVIHDWKHUVVWLOODWWDFKHG
 (QWLHUURDOVRFRQWDLQHGUHPDLQVRIButeoVSDQGWKHURDGVLGHKDZN,QWHUHVWLQJO\WKH\ZHUH
DOVRVFDWWHUHGLQWKHHDVWHUQVHFWRURIWKHRIIHUWRU\FKDPEHU(OHPHQWRZDVORFDWHGWRWKHQRUWKRI
WKHRWKHUWZR(OHPHQWRVZKLFKLQFOXGHGLWVH[WUHPLWLHV-XVWWRWKHVRXWKRIWKLVDULJKWFDUSRPHWDFDUSXV
(OHPHQWRDQGDOHIWFDUSRPHWDFDUSXV(OHPHQWRRIDURDGVLGHKDZNZHUHGHSRVLWHG7KHVH
WZR(OHPHQWRQXPEHUVZHUHULJKWQH[WWRHDFKRWKHUDQGSUREDEO\DUHIURPWKHVDPHUDSWRU$JDLQWKHUH
ZDVDUHSHDWHGHPSKDVLVRQWKHZLQJV
 ,QWKHZHVWHUQVHFWRURI2IUHQGDWKHSDUWLDOUHPDLQVRIDUHGWDLOHGKDZNZHUHH[FDYDWHG
(OHPHQWR7KHOHIWXOQDDQGUDGLXVZHUHIRXQGLVRODWHGIURPWKHUHVWRIWKHFRUSVHEXWGXHWRWKH
VLPLODULW\LQVL]HIRUPDQGVXUIDFHILQLVKZLWKWKHULJKWZLQJERQHVWKLVZDVFRQVLGHUHGSDUWRIWKHVDPH
LQGLYLGXDO7ZRDUHDVZHUHPDQLSXODWHGWKHULJKWUDGLXVDQGXOQDFRQWDLQHGFXWPDUNVDORQJWKHVKDIW
VHH)LJXUHEEHORZDQGWKHRFFLSLWDOUHJLRQRIWKHFUDQLXPZDVIUDFWXUHGVXJJHVWLQJWKHHQFHSKDOLF
PDVVZDVUHPRYHGLQDVLPLODUPDQQHUWRVRPHRIWKHHDJOHVSHFLPHQVGLVFXVVHGDERYH$ILUVWJODQFHDW
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WKHHOHPHQWGLVWULEXWLRQʊFRQWDLQLQJWKHKHDGERWKZLQJVDQGKLQGOLPEVVWDUWLQJIURPWKH
WDUVRPHWDWDUVXVGRZQZDUGʊPD\VXJJHVWWKLVLQGLYLGXDOZDVDOVRSUHSDUHGWD[LGHUPLFDOO\OLNHWKH
HDJOHV+RZHYHUEHFDXVHWKHOHIWXOQDUDGLXVDQGWDUVRPHWDWDUVXVZHUHIRXQGLVRODWHGVOLJKWO\WRWKH
VRXWKRIWKHUHVWRIWKHFRUSVHWKHVHHOHPHQWVZHUHQRWDUWLFXODWHGGXULQJGHSRVLWLRQ
 Bobwhite quail (Colinus virginianus) 
2QO\(QWLHUURLQFOXGHGUHPDLQVRIEREZKLWHTXDLO(OHPHQWR7KLVLQFOXGHGWZROHIW
PDQGLEOHVDULJKWPDQGLEOHFUDQLDOIUDJPHQWVVHYHUDOYHUWHEUDOIUDJPHQWVULJKWFDUSRPHWDFDUSXVDQG
VRPHKLQGOLPEHOHPHQWV%HFDXVHWKHUHZHUHWZROHIWPDQGLEOHVWKHUHZHUHDWOHDVWWZRLQGLYLGXDOV1R
RWKHURIIHULQJLQFOXGHGWKLVVSHFLHVDQGLWLVSRVVLEOHWKDWWKHVHWZRELUGVHQWHUHGDVILOOUHIXVH
Pigeon/dove (Columbidae) 
 7KLVIRZOZDVIRXQGLQ(QWLHUURVDQG,Q(QWLHUURWKHUHPDLQVRIERWKZLQJVZHUHLGHQWLILHG
DVDQ,QFDGRYH(OHPHQWRZKLOHWKHUHPDLQVRIWKUHHELUGVLGHQWLILHGDV&ROXPELGDHZHUHIRXQG
LQ(QWLHUUR7KRVHIURP(QWLHUURYDULHGIURPDVHPLFRPSOHWHLQGLYLGXDO(OHPHQWRWKHULJKW
ZLQJERQHV(OHPHQWRWRWKHUHPDLQVRILVRODWHGZLQJHOHPHQWVDQGWDLOERQH6(,WLV
XQFOHDULIWKHVHUHPDLQVZHUHSDUWRIWKHILOOUHIXJHRUZHUHRIIHUHG
 Common raven (Corvus corax) 
7KHUDYHQZDVWKHRQO\RWKHUELUGEHVLGHVWKHHDJOHLGHQWLILHGDVDSULPDU\EXULDO(OHPHQWR
WKDWZDVH[FDYDWHGIURP(QWLHUURVHHSUHYLRXVFKDSWHUIRUGHVFULSWLRQ7ZRPRUHUDYHQVZHUH
LGHQWLILHGIURP(QWLHUURDVSUHSDUHGHOHPHQWVGHPRQVWUDWLQJWKDWUDYHQVZHUHDOVRDQLPSRUWDQWDFWRULQ
VWDWHULWXDOV7KHSDWKRORJ\SUHVHQWRQWKHUDYHQVDFULILFHGLQ(QWLHUURLQGLFDWHVWKHSRWHQWLDOWKDWRWKHU
ELUGVFRXOGKDYHDOVREHHQNHSWLQWKHFLW\FRQILQHVDVVSHFLDOL]HGDQLPDOVUHVHUYHGIRUULWXDOXVDJH
,Q(QWLHUURWKHUHPDLQVRIWZRUDYHQVZHUHPL[HGZLWKWKRVHRIRWKHUUDSWRUVSODFHGDURXQGDQ
HDJOH7KH\LQFOXGHGPL[HGHOHPHQWVVFDWWHUHGWKURXJKRXWWKHVNHOHWRQ(OHPHQWRʊPDLQO\
FRPSRVHGRIFUDQLDOPDQGLEXODUZLQJDQGIHHWERQHVʊDQGWKHUHPDLQVRIDVHFRQGLQGLYLGXDO
UHSUHVHQWHGE\WKHGLVWDOWDUVRPHWDWDUVXVERQHVRIERWKIHHW(OHPHQWR7KHVHFRQGUDYHQZDV
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GLVWLQJXLVKHGIURPWKHILUVWGHVSLWHEHLQJLGHQWLILHGLQWKHVDPHJHQHUDOKHDSRIERQHVEHFDXVHLWZDV
PXFKVPDOOHULQVL]HDQGWKHUHZDVDQRYHUODSRIWKHVHERQHVDORQJWKHULJKWWDUWRPHWDWDUVXV
Prairie falcon (Falco mexicanus)
 7KHUHPDLQVRIDVHPLFRPSOHWH3UDLULHIDOFRQZHUHDOVRMXPEOHGZLWKRWKHUUDSWRUUHPDLQV
VXUURXQGLQJDQHDJOH(OHPHQWRLQ(QWLHUUR7KLVLQFOXGHGQRWMXVWWKHFUDQLXPDQGH[WUHPLWLHV
EXWDOVRIUDJPHQWVRIWKHYHUWHEUDOFROXPQWKDWVXJJHVWWKHHQWLUHVNHOHWRQPD\KDYHEHHQSUHVHQW
8QIRUWXQDWHO\VLQFHDOOWKHUDSWRUUHPDLQVVXUURXQGLQJWKHHDJOHZHUHUHFRYHUHGDVDVLQJOH(OHPHQWR
QXPEHUZKLFKLQFOXGHGWKHVNHOHWRQVRIDWOHDVWILYHUDSWRUV7KLVGHPRQVWUDWHVWKDWVHFRQGDU\DQG
SULPDU\QRQHDJOHUDSWRUVPD\KDYHDOVRDFFRPSDQLHGWKHRIIHULQJV
Spider monkey (Ateles geoffroyi) 
 6XUSULVLQJO\WKHUHPDLQVRIDOHIWGLVWDOKXPHUXVDQGOHIWSUR[LPDOXOQDRIDVSLGHUPRQNH\ZHUH
LGHQWLILHGLQ(QWLHUUR7KHVHWZRERQHVDORQJZLWKVRPHXQLGHQWLILHGLUUHJXODUDQGIODWERQHZHUH
GHSRVLWHGMXVWWRWKHHDVWRIWKHVDFULILFHGZROI7KLVZDVDQH[WUDRUGLQDU\GLVFRYHU\ZKLFKUHSUHVHQWVWKH
VHFRQGLQVWDQFHRIWKLVVSHFLHVHYHUUHSRUWHGDW7HRWLKXDFDQVHH&KDSWHU7KLVLVEHFDXVHVSLGHU
PRQNH\VDUHQRWORFDOWRWKHDULGKLJKODQGEDVLQ8QIRUWXQDWHO\WKLVVHFRQGDU\EXULDORIWKHIRUHOLPEGLG
QRWSURYLGHDQ\VXUIDFHIHDWXUHVWRKHOSLQWHUSUHWKRZWKH\ZHUHXWLOL]HGRUZKDWWKHILQDOSURGXFWZRXOG
KDYHORRNHGOLNH:HFDQRQO\VD\WKDWLWZDVOLNHO\IURPD\RXQJLQGLYLGXDOFRQVLGHULQJLWVUHODWLYHO\
VPDOOVL]H0RVWOLNHO\WKLVIRUHDUPZDVEURXJKWLQWR7HRWLKXDFDQDQGGHSRVLWHGEDUH
Production of other avian remains 
/RRNLQJDWWKHHOHPHQWGLVWULEXWLRQRIDOOVHFRQGDU\DYLDQPDWHULDOVWKHUHLVDQHPSKDVLVRQNH\
ERG\SDUWVVXFKDVLWVZLQJV)LJXUHD,QVRPHFDVHVZLQJHOHPHQWVLQFOXGLQJWKHFDUSRPHWDFDUSXV
WKHXOQDDQGWKHILUVWSKDODQJHZHUHIRXQGLVRODWHGSUHVXPDEO\EHFDXVHWKH\DUHZKHUHORQJZLQJ
IHDWKHUVDWWDFKHG$QRWKHUDUHDZLWKKLJKLQVWDQFHRIRYHUODSLVWKHEHDNRIWKHELUGQRWLQFOXGLQJLWV
EUDLQFDVHDQGLWVORQJWDORQV
&XWPDUNVDQGRWKHUVXUIDFHIHDWXUHVZHUHYHU\UDUHLQFRPSDULVRQWRPDPPDOLDQPDWHULDOVDQG
HYHQDPRQJVHFRQGDU\HDJOHGHSRVLWV2QO\WZRLQGLYLGXDOVERWKKDZNV
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
)LJXUH6HFRQGDU\DYLDQUHPDLQVDRYHUODSDQDO\VLVRIDOOVSHFLHVEFORVHXSRIFXWPDUNVRQ
OHIWXOQDDQGUDGLXVVKDIWRIKDZN(OHPHQWR2IUHQGDFPLFURVFRSHSKRWRJUDSKRIFXW
PDUNVRQGLVWDOHQGRIOHIWWLELRWDUVXVRIKDZN(OHPHQWR(QWLHUURGGHHSJURYHVRQWKH
SUR[LPDODUWLFXODUVXUIDFHRIKDZN(OHPHQWR2IUHQGD

ʊ(OHPHQWRIURP(QWLHUURDQG(OHPHQWRIURP2IUHQGDʊLOOXVWUDWHGFXWPDUNVRQLWV
VNHOHWRQ7KHVHFXWVZHUHGLVWULEXWHGDURXQGWKHKXPHUXVUDGLXVXOQDWLELRWDUVXVDQGWDUVRPHWDWDUVXV
)LJXUHD$IUDFWXUHRQWKHRFFLSLWDOUHJLRQRIWKHFUDQLXPRI(OHPHQWRFRQILUPWKDWLQVRPH
FDVHVWKHELUGVZHUHSUHSDUHGZKHQWKHHQFHSKDOLFPDVVZDVVWLOOLQWKHEUDLQFDVHDQGFXWVDORQJWKH
VKDIWRIWKHXOQDDQGUDGLXVGHPRQVWUDWHPHDWDQGRWKHUVHFRQGDU\SURGXFWVZHUHDOVRSURFHVVHG)LJXUH
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E5HSHWLWLYHJURRYHVDORQJWKHGLVWDOOHIWWLELRWDUVXVRI(OHPHQWRDQGWKHGHHSJURRYHVDORQJWKH
DUWLFXODUVXUIDFHVRIWKHWDUVRPHWDWDUVXVRI(OHPHQWRVXJJHVWWKDWWKHVHERQHVZHUHGLVDUWLFXODWHG
DORQJWKLVMRLQW)LJXUHFG1RRWKHUVXUIDFHIHDWXUHVVXFKDVSHUIRUDWLRQVZHUHUHFRUGHGRQWKHVH
VNHOHWRQV8QOLNHPDPPDOLDQUHPDLQVZLWKHYLGHQFHRISHOWH[WUDFWLRQDYLDQSURGXFWVZHUHSUREDEO\
GHSRVLWHGZLWKLWVIHDWKHUVVWLOODWWDFKHG7KLVK\SRWKHVLVLVVWUHQJWKHQHGE\WKHVFDUFLW\RIFXWPDUNVDQG
WKHDEXQGDQFHRIZLQJERQHV
2YHUDOOSDWWHUQVLQVHFRQGDU\EXULDOV
 7KLVFKDSWHUGLVFXVVHGDYHU\GLVWLQFWSURFHVVLQZKLFKWKHDQLPDOVHQWHUHGWKHULWXDOVFHQHDV
ULWXDOSDUDSKHUQDOLD7KLVVHFWLRQFRQFOXGHVWKHDQDO\VLVRIWKHSURGXFWLRQRIIDXQDOSURGXFWVE\
H[DPLQLQJDFRPSDUDWLYHFDVHVWXG\RIWKHFDQLGPD[LOODU\SHQGDQWVGLVFRYHUHGDWWKH)HDWKHUHG6HUSHQW
3\UDPLGGLVFXVVLQJWKHVLPLODULWLHVDQGGLIIHUHQFHVDPRQJGLIIHUHQWVSHFLHVDVZHOODVORRNLQJDW
FKURQRORJLFDOWUHQGVLQWKHSURGXFWV)URPWKLVLQIRUPDWLRQZHFDQLQIHUWKHIXQFWLRQDQGPHDQLQJEHKLQG
DQLPDOSDUDSKHUQDOLDLQVWDWHULWXDOSHUIRUPDQFHV
Maxillary pendants from the Feathered Serpent Pyramid (FSP) 
7KHRQO\FRPSDUDWLYHH[DPSOHRIULWXDOSDUDSKHUQDOLDIURPGHGLFDWRU\FRQWH[WVDW7HRWLKXDFDQ
FRPHIURPWKHFDQLGPD[LOODU\SHQGDQWVGLVFRYHUHGLQWKH)63'XULQJWKHWXQQHOH[FDYDWLRQVRIWKHPDLQ
S\UDPLGPDVVVDFULILFLDOJUDYHVFRQWDLQHGKXPDQFDQLGDQGLPLWDWLRQVKHOOPD[LOODU\SHQGDQWV
6XJL\DPD,QGLYLGXDOV$DQG2SRVVHVVHGHODERUDWHSHQGDQWVPDGHRIFDQLGPD[LOODH
DORQJZLWKRWKHUULFKRIIHUWRU\DGRUQPHQWVVXFKDVDS\ULWHGLVNZLWKVODWHEDFNLQJtezcacuitlapilli
SURMHFWLOHSRLQWVDQGVKHOODGRUQPHQWV)LJXUH7KHSUHVHQFHRIPD[LOODU\SHQGDQWVRIGLYHUVH
VRXUFHVKXPDQFDQLGDQGHYHQVKHOOLPLWDWLRQVRIERWKKXPDQDQGFDQLGGHQWLWLRQGHPRQVWUDWHVWKDW
PD[LOODLQSDUWLFXODUSRVVHVVHGVSHFLDOPHDQLQJVHYLGHQWO\DVVRFLDWHGZLWKPDOHVWKDWV\PEROL]HGHLWKHU
P\WKRORJLFDOZDUIDUHDQGRUFDOHQGULFPHDQLQJV6XJL\DPD
7KHVHFDQLGPD[LOODHZHUHKLJKO\SURFHVVHGDQGLQWHQWLRQDOO\PDQXIDFWXUHGSXOOLQJWHHWKIURP
PXOWLSOHLQGLYLGXDOV7KLVLVWRVD\WKDWHDFKPD[LOODWKDWPDGHXSWKHSHQGDQWVRPHWLPHVLQFOXGHGWHHWK
H[WUDFWHGIURPPXOWLSOHLQGLYLGXDOVVRPHWLPHVRIGLIIHUHQWVSHFLHV7KHHLJKWPD[LOODHDQDO\]HGIURP
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
)LJXUH&DQLGPD[LOODU\SHQGDQWIURPWKH)HDWKHUHG6HUSHQW3\UDPLG3KRWR16XJL\DPD

LQGLYLGXDOV$DQG2ZHUHFRPSRVHGE\MRLQLQJWHHWKIURPILIWHHQLQGLYLGXDOV9DODGH]$]~DHWDO
DLQFOXGLQJK\EULGVEHWZHHQZROIDQGGRJQ RWKHUFURVVHGEUHHGVQ DQGDQXQLGHQWLILHG
VSHFLH9DODGH]$]~DHWDOE
 7KLVFDVHVWXG\SURYLGHVDXVHIXOFRPSDULVRQWRWKHSURGXFWLRQRIIHOLGDQGFDQLGKHDGVDWWKH
0RRQ3\UDPLGDQGWKH6XQ3\UDPLG7KHSRVVLELOLW\WKDWIHOLGVNXOOVIURP(QWLHUURZHUHPDGHRI
FRPSRVLWHILJXUHVSXOOLQJWHHWKIURPPXOWLSOHLQGLYLGXDOVWRPDNHDVLQJOHREMHFWZDVPHQWLRQHGLQWKH
DERYHDQDO\VHV:KLOHWKHXQIRUWXQDWHGHVWUXFWLRQRIWKHRVVHRXVVWUXFWXUHLQ(QWLHUURSURKLELWVDQ\
UHFRQVWUXFWLRQRIZKDWWKHVHIHOLGSDUDSKHUQDOLDZRXOGKDYHORRNHGOLNHWKHFDQLGPD[LOODU\SHQGDQWV
SURYLGHVDSRVVLEOHK\SRWKHVLV(YLGHQFHRISXOOLQJWHHWKIURPPXOWLSOHLQGLYLGXDOVSURYLGHGE\WKH)63
FDVHJLYHVZHLJKWWRWKLVK\SRWKHVLVWKDWIHOLGKHDGVZHUHVLPLODUO\HODERUDWHGDVFRPSRVLWHDUWLIDFWV
,IWKLVZHUHWKHFDVHWKHYLVXDOHIIHFWRIVXFKFRPSRVLWHDUWLIDFWVRXJKWWREHFRQVLGHUHG
&HUWDLQO\PRGHUQHWKQRJUDSKLFPDVNVDPSOLI\WKHP\VWLFDOFKDUDFWHULVWLFVRIZLOGDQLPDOVE\VWLFNLQJ
WHHWKRIPXOWLSOHLQGLYLGXDOVRIWHQRIGLIIHUHQWVSHFLHV$ODWHSRVWFODVVLFDOPDVNIURP1RUWKHUQ0D\D
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ORZODQGVIRUH[DPSOHXWLOL]HGIRXUKXPDQDQGWZRIHOLGRUFDQLGFDQLQHVRQDWXUTXRLVHPRVDLFPDVN
,VKLKDUD%ULWRDQG7DXEH0RGHUQHWKQRJUDSKLFPDVNVIRUH[DPSOHMDJXDUPDVNVIURP
*XHUUHURRIWHQLPSOHPHQWGHHUVKHHSDQGJRDWWHHWKZLWKFDQLQHVRIRWKHUVSHFLHV7KHUHVXOWLVDKLJKO\
P\VWLFDOK\EULGFUHDWXUH:KLOHWKHIHOLGFRPSRVLWHILJXUHVZHUHSUREDEO\QRWPDVNVEHFDXVHWKH\
UHWDLQHGWKHLUFUDQLDODQGPDQGLEXODUERQHVWKHFRPSRVLWHVNXOOVFRQWDLQLQJH[WUDWHHWKZRXOGKDYH
VLPLODUO\HPSKDVL]HGDVXSUDQDWXUDOP\VWLTXH&HUWDLQO\WKHSUHVHQFHRIFXWFDQLQHVOLNH(OHPHQWRV
DQGIURP(QWLHUURVXJJHVWWKHXVHRIWKHVHWHHWKDVLVRODWHGHOHPHQWVSRVVLEO\DVDGRUQPHQW
 7KHPDQXIDFWXUHRIFDQLGSHFWRUDOSHQGDQWVDWWKH)63GLIIHUHGVLJQLILFDQWO\WRWKDWGLVFXVVHG
DPRQJPDWHULDOVIURPWKH0RRQ3\UDPLGDQGWKH6XQ3\UDPLGEHFDXVHWKH\ODFNHGWKHPDQGLEOHDQG
RQO\UHWDLQHGWKHPD[LOOD7KLVLVWUXHQRWRQO\IRUWKHFDQLGPDWHULDOVIURPWKH)63EXWVKHOOLPLWDWLRQ
DQGKXPDQPD[LOODU\SHQGDQWVDOVRRQO\HPSKDVL]HGWKHPD[LOOD+DUGO\DQ\IURQWDOFRPSRQHQWRIWKH
FDQLGPD[LOODHZHUHSUHVHUYHGDQGWKHODFULPDOQDVDO]\JRPDWLFDQGIURQWDOSRUWLRQVZHUHDEVHQW7KH
LQIHULRUDVSHFWRIWKHPD[LOODWKHSDODWLQHDQGLWVGHQWLWLRQZHUHWKHRQO\HOHPHQWVSUHVHQW$WUDQVYHUVDO
FXWZDVSODFHGDORQJWKHSDODWDOVXUIDFHMXVWGRUVDOWRWKHVHFRQGPRODU7ZRODUJHSHUIRUDWLRQVRQWKH
PD[LOODZHUHXVHGWRWKUHDGWKHPLQWRDSHQGDQW
1RQHRIWKHVHPRGLILFDWLRQVZHUHSUHVHQWRQDQ\FDQLGRUIHOLGPD[LOODH3HUKDSVWKHFDQLGDQG
IHOLGDVVHPEODJHLQ(QWLHUURSURYLGHWKHFORVHVWSDUDOOHODOWKRXJKWKHVHZHUHPXFKOHVVHODERUDWHZHUH
QRWSHFWRUDOVDQGFRQVLVWHGRIRQO\EDUHFDQLGVNXOOV7KHVHKHDGVZHUHVFDWWHUHGDURXQGWKHERGLHVRI
KXPDQVDFULILFLDOYLFWLPVSUREDEO\GHPRQVWUDWLQJWKHFORVHDIILQLW\EHWZHHQWKHFDQLGVDQGWKHLGHQWLW\RI
WKHKXPDQVVLPLODUWRWKHZDUULRUVVDFULILFHGDWWKH)63:KLOHWKHFRQQHFWLRQEHWZHHQWKHPD[LOODDQG
WKH7HRWLKXDFDQ3ULPRUGLDO&URFRGLOHDVH[SODLQHGE\66XJL\DPDLVORVWZLWKWKHFDQLG
VNXOOVWKHFORVHOLQNEHWZHHQZDUULRUFDSWLYHVDQGZROYHVLVDSSDUHQWLQERWKDVVHPEODJHV
Felid/Canid skulls 
&RPSDULVRQVEHWZHHQIHOLGDQGFDQLGVNXOOVGHPRQVWUDWHGVKLIWVWKURXJKWLPHLQWKHDHVWKHWLFV
DQGSUHSDUDWLRQWHFKQLTXHVRIPDPPDOLDQVNXOOSDUDSKHUQDOLD&DQLGDQGIHOLGVNXOOVH[KLELWHGWZRPDMRU
SDWWHUQVFRPSOHWHORRNLQJVNXOOVZLWKYDU\LQJGHJUHHVRISURFHVVLQJRQWKHPDQGLEOHDQGWKRVHWKDW
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
HPSKDVL]HGRQO\WKHVQRXWRIWKHDQLPDOZLWKDFFRPSDQ\LQJPDQGLEOHV7KHIRUPHUFDVHZDVPRVWO\
REVHUYHGLQHDUO\GHSRVLWVʊWKDWLV(QWLHUURVDQG2IUHQGDʊZKLOHWKHODWWHUZDVSUDFWLFHGLQ
ODWHURIIHUWRU\FRQWH[WVʊ(QWLHUURVDQG
(QWLHUURFRQWDLQHGWKHJUHDWHVWYDULDELOLW\LQWKHSURGXFWLRQWHFKQLTXHVDPRQJERWKFDQLGDQG
IHOLGUHPDLQV:KLOHWKHRIIHULQJDVDZKROHIDYRUHGUHWDLQLQJWKHIRUPRIWKHQHXURFUDQLXPLQWDFWWKHUH
ZDVDZLGHUDQJHLQWKHH[WHQWRIPDQGLEXODUSURFHVVLQJDQGDEXQGDQFHRIFXWPDUNV6XFKHYLGHQFH
LQGLFDWHVWKDWWKHUHZDVUHODWLYHO\OLWWOHVWDQGDUGL]DWLRQRIWKHSURGXFWLRQSURFHVVERWKDPRQJVSHFLHVDQG
ZLWKLQVSHFLHV,WLVSUREDEOHWKDWWKHODUJHQXPEHURIDQLPDOVLQFRUSRUDWHGLQWRWKHGHGLFDWRU\FKDPEHU
GLGQRWSHUPLWMXVWRQHZRUNVKRSRUDUWLVDQFRPPLVVLRQHGIRUWKLVSURMHFWWRSURGXFHDOORIWKHVHVNXOOV
,QVWHDGWKH\ZHUHOLNHO\SURGXFHGIURPGLVSDUDWHZRUNVKRSVRUDUWLVDQVHDFKZLWKLWVRZQSURGXFWLRQ
WHFKQLTXHDQGVW\OHWRJDWKHUWKHUHTXLUHGQXPEHURIIHOLGDQGFDQLGVNXOOVWKDWZHUHSUHGHWHUPLQHGE\
WKHLUFRVPRORJLFDOVLJQLILFDQFH
,QFRQWUDVW(QWLHUURGHVSLWHEHLQJWKHFRQWH[WZLWKWKHKLJKHVW01,RISUHSDUHGIHOLGDQGFDQLG
VNXOOVQ GHPRQVWUDWHGWKHPRVWFRQVLVWHQWSDWWHUQLQSUHSDUDWLRQWHFKQLTXHV7KLVPD\EHEHFDXVH
WKHVHSUHSDUHGKHDGVSOD\HGDPRUHFHQWUDOUROHLQWKLVRIIHULQJWKDWGLGQRWLQFOXGHDQ\SULPDU\DQLPDO
EXULDOVDQGEHFDXVHWKH\GLUHFWO\DOOXGHGWRWKHLGHQWLW\RIWKHKXPDQFDSWLYHVVDFULILFHG,WLVYHU\OLNHO\
WKDW(QWLHUURDOVRH[KLELWHGVLPLODUO\VWDQGDUGL]HGSURFHVVLQJWHFKQLTXHVEXWWKHIUDJPHQWHGERQHVGR
QRWDOORZIRUWKLVUHFRQVWUXFWLRQ
,QWHUVSHFLHVGLIIHUHQFHVLQSUHSDUDWLRQWHFKQLTXHVEHWZHHQWKHVHWZRPDPPDOLDQJURXSV
GHPRQVWUDWHGVRPHLQWHUHVWLQJGLIIHUHQFHVFXWPDUNVRQWKHFDQLGVZHUHXVXDOO\FKDUDFWHUL]HGE\ORQJ
DQGGHHSEDQGVLQFRPSDULVRQWRWKHOLJKWHUDQGVKRUWHUVWULDWLRQVOHIWEHKLQGRQIHOLGFUDQLD)LJXUH
YHUVXV$VDFDVHLQSRLQWOHWXVH[DPLQHWKHFDQLG(OHPHQWRDQGMDJXDU(OHPHQWRERWK
RIZKLFKH[WUDFWHGWKHHQFHSKDOLFPDVVWKURXJKDGRUVDORSHQLQJFXWWLQJDORQJWKHQXFKDOFUHVWWRWKH
RFFLSLWDOVHFWRU)LJXUH7KH\HDFKSUHVHQWHGFXWPDUNVWRYDU\LQJGHJUHHVSDUWLFXODUO\RQWKH
SDULHWDOVIRUWKHFDQLGVDQGRQWKH]\JRPDWLFDUFKDQGDORQJWKHLQIHULRUVXUIDFHIRUWKHIHOLG6XFK
YDULDWLRQKLJKOLJKWVWKHKHWHURJHQHLW\LQSURFHVVLQJWHFKQLTXHVEHWZHHQVSHFLHVSUREDEO\GXHWRWKH
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
)LJXUH&RPSDULVRQRIFXWPDUNDQGHOHPHQWGLVWULEXWLRQRIZROI(OHPHQWRDERYHDQG
MDJXDU(OHPHQWREHORZ

DQDWRP\RIWKHDQLPDOLQUHODWLRQWRPXVFXODWXUHDQGSURFHVVLQJWHFKQLTXHVEXWDOVRGXHWRGLIIHUHQFHVLQ
PDQXIDFWXULQJJURXSV
Eagles/Other birds 
 7KHUHZHUHVLJQLILFDQWGLIIHUHQFHVLQWKHSURGXFWLRQRIHDJOHVYHUVXVDOORWKHUDYLDQGHSRVLWV
&RPSDUHGWRWKHVRPHZKDWHYHQERG\SDUWUHSUHVHQWDWLRQRIHDJOHVIURP(QWLHUURWKDWDWWHPSWHGWR
NHHSVNHOHWDOLQWHJULW\VRPHWLPHVHYHQWD[LGHUPLFDOO\SUHSDUHGRWKHUELUGVRQO\UHWDLQHGWKHZLQJVIHHW
DQGEHDN)LJXUHYHUVXV'LVWULEXWLRQRIVXUIDFHIHDWXUHVRQWKHHDJOHVZHUHPRUHDEXQGDQW
ZLWKVL[RXWRIWKHQLQHVHFRQGDU\GHSRVLWVFRQWDLQLQJFXWPDUNVSHUIRUDWLRQVDQGIUDFWXUHVZKLOHRQO\
WZRRIWKHWZHQW\RWKHUELUGVH[KLELWHGWUDFHVRIPRGLILFDWLRQ7KLVVXJJHVWVWKDWLQWKHFDVHRIHDJOHV
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WKH\ZHUHSUHSDUHGZKLOHWKHIHDWKHUVPHDWWHQGRQVDQGRWKHUVRIWWLVVXHZHUHVWLOODWWDFKHGUHTXLULQJ
DSSURSULDWHH[WUDFWLRQDQGRUSUHVHUYDWLRQSURFHGXUHV2QWKHRWKHUKDQGPRVWRIWKHRWKHUELUGVZHUH
SUREDEO\FROOHFWHGDIWHUVXFKVRIWWLVVXHZDVDOUHDG\DEVHQWRUZHUHSUHSDUHGZLWKQRQLQWUXVLYHPHWKRGV
WKDWGLGQRWOHDYHVXUIDFHPDUNHUV2IWHQMXVWDSRUWLRQRIWKHZLQJZDVGHSRVLWHGZKLFKZRXOGEHHDVLO\
H[WUDFWHGZLWKRXWQHHGLQJWROHDYHWRROPDUNVZKHQWKHIHDWKHUVZHUHOHIWDWWDFKHGRQWRWKHERQH7KLV
VXJJHVWVWKDWSURGXFHUVFDPHLQFRQWDFWZLWKWKHHDJOHVNHOHWRQVZKLOHWKHDQLPDOZDVIUHVKO\NLOOHGLQ
FRQWUDVWWKLVZDVQRWQHFHVVDULO\WKHFDVHZLWKRWKHUDYLDQUHPDLQV7KLVDOVRKLJKOLJKWVWKHHIIRUWVPDGH
WRNHHSWKHVNHOHWRQDUWLFXODWHGDPRQJHDJOHVNHOHWRQVWKDWZDVQRWREVHUYHGDPRQJRWKHUDYLDQUHPDLQV
Mammals/Birds
 7KHERG\SDUWGLVWULEXWLRQRIDYLDQVSHFLPHQVHDJOHVDQGRWKHUELUGVGLIIHUVJUHDWO\IURPRWKHU
PDPPDOLDQDUWLIDFWVFDQLGVDQGIHOLGVWKHIRUPHUHPSKDVL]HGERG\SDUWVUHODWLQJWRORFRPRWLRQ
LQFOXGLQJWKHZLQJVIHHWDVZHOODVWKHEHDNZKLOHWKHODWWHUXWLOL]HGWKHKHDGVRPHWLPHVWKHLU
FODZVSKDODQJHV6RPHVFKRODUVKDYHHPSKDVL]HGWKDWERG\SDUWVDOOXGLQJWRWKHVHQVRU\H[SHULHQFHV
VXFKDVKHDULQJVHHLQJVPHOOLQJDQGWDVWLQJDUHORFDWHGRQWKHKHDGDQGVRLWLVQRWVXUSULVLQJWKDWWKHVH
ERQHVZRXOGEHPRVWDEXQGDQWO\UHSUHVHQWHGLQULWXDOGHSRVLWV0F1LYHQ+HDGVRUWKHODFNRI
KHDGVDUHQRWHGLQPDQ\DUFKDHRORJLFDOFDVHVWXGLHVLQRIIHULQJVIRXQGDWLRQGHSRVLWVKXQWLQJVKULQHV
DQGLQVDFULILFLDOSLWVHJ0F1LYHQ0HVNHOO5XVVHOOD)URPDLFRQRJUDSKLFVWDQFHLW
KDVEHHQVXJJHVWHGWKDWERGLOHVVKHDGVDUHDPRQJWKHPRVWFRPPRQLFRQLQ&ODVVLF0D\DSDUDSKHUQDOLD
.XEOHU7KLVZDVDOVRWKHFDVHDPRQJKXPDQVDFULILFLDOULWHVDW7HRWLKXDFDQ)RUH[DPSOHWKH
KHDGVRIZDUULRUFDSWLYHVZHUHGHSRVLWHGLQ(QWLHUURZKLOHWKHERGLHVRIKHDGOHVVVDFULILFLDOYLFWLPV
ZHUHSUHVHQWLQ(QWLHUUR6XJL\DPDDQG/ySH]/XMiQ)RUPDPPDOLDQUHPDLQVWKHKHDGZDVDQ
LQWHJUDOUHIHUHQWLDOWRWKHLGHQWLW\RIWKHDQLPDODQGZDVWKHPHDQVWKURXJKZKLFKLQWHUSHUVRQDOGLDORJXHV
ZHUHH[FKDQJHGDVDUJXHGE\0F1LYHQ7KLVLVPDQLIHVWHGLQWKHPDPPDOLDQVNXOODVVHPEODJHV
IURPWKH0RRQ3\UDPLGDQGWKH6XQ3\UDPLGDVZHOODVWKHFDQLGPD[LOODU\SHQGDQWVIURPWKH)63
 2QWKHRWKHUKDQGWKHHOHPHQWGLVWULEXWLRQRIWKHDYLDQUHPDLQVGHPRQVWUDWHVWKDWELUGVZHUH
UHIHUHQFHGXWLOL]LQJRWKHUERG\SDUWV1RGRXEWWKHLUFDSDFLW\IRUIOLJKWZDVSDUWRIWKHLULGHQWLW\DQGLWLV
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QRWVWUDQJHWKDWWKHLUORQJIOLJKWIHDWKHUVDQGLWVZLQJERQHVZHUHFHQWUDOWRWKHLULGHQWLW\6LPLODUO\WKH
ORQJWDORQVDQGWKHGLVWLQFWEHDNZRXOGKDYHEHHQNH\IHDWXUHVWKDWLGHQWLILHGWKHVNHOHWDOUHPDLQVDV
ELUGVHVSHFLDOO\IRUWKHUDSWRUVIRXQGLQWKLVFDFKH
Chronological Trends 
7KHDQDO\VHVRIVHFRQGDU\GHSRVLWVIURPWKHGHGLFDWRU\FDFKHVKHOSLQWHUSUHWZKDWWKHDFWXDO
IDXQDODUWLIDFWZRXOGKDYHORRNHGOLNHKRZWKH\FRQWULEXWHGWRWKHULWXDOSHUIRUPDQFHDVZHOODVKRZWKH
YDOXHVDQGPHDQLQJVRIWKHREMHFWVZHUHFUHDWHGWKURXJKUHFRQVWUXFWLQJWKHULWXDOL]HGSURGXFWLRQSURFHVV
,WLVFOHDUWKDWWKLVSURFHVVZDVGLVWLQFWIRUHDFKVSHFLHVDQGIRUHDFKRIWKHFRQWH[WV
$OWKRXJK(QWLHUURZDVFRQVWUXFWHGGXULQJWKHIRXUWKEXLOGLQJHSLVRGHOLNH(QWLHUURWKHLU
VHFRQGDU\GHSRVLWVZHUHGLVWLQFWIURP(QWLHUUR1RVHFRQGDU\GHSRVLWVRIFDQLGVZHUHSUHVHQWZKLOH
IHOLGVNXOOVZLWKWKHLUSHOWVFRPSOHWHO\UHPRYHGZHUHSODFHGLQWKHRIIHULQJ7KHVHKHDGVZRXOGKDYH
UHWDLQHGPRVWRIWKHLUEUDLQFDVHPDNLQJWKHPORRNVRPHZKDWLQWDFW1RQHRIWKHHDJOHVZHUHSUHSDUHG
VHFRQGDULO\DQGWKHUHPDLQVRIKDZNVRZOUDYHQDQGIDOFRQLGHQWLILHGLQ(QWLHUURZHUHQRWIRXQGLQ
(QWLHUUR:KLOHWKHFKDUDFWHULVWLFVRISULPDU\VDFULILFLDOYLFWLPVEHWZHHQWKHVHWZRRIIHULQJVZHUHIDLUO\
VLPLODUWKLVGLVWLQFWDSSURDFKWRWKHXVHRIVHFRQGDU\GHSRVLWVLVQRWLFHDEOH,QWKLVFRQWH[WSULPDU\
GHSRVLWVZHUHFHQWUDOIDXQDOGHSRVLWVZKLOHRWKHUVHFRQGDU\UHPDLQVPDLQO\RIDYLDQDQGIHOLGVSHFLHV
ZHUHVFDUFHO\IRXQG
(QWLHUURFRQWDLQHGWKHPRVWYDULDWLRQLQFDQLGIHOLGDQGHYHQDYLDQSUHSDUDWRU\SURFHVVHV
8QOLNHPDQ\RIWKHRIIHULQJVWKDWIRFXVHGRQVHFRQGDU\GHSRVLWVOLNH(QWLHUURVDQG(QWLHUUR
FRQWDLQHGUHODWLYHO\FRPSDUDEOHQXPEHURISULPDU\DQGVHFRQGDU\EXULDOVʊVDFULILFHGDQLPDOVYHUVXV
XWLOL]HGDVULWXDOSDUDSKHUQDOLDH[FOXGLQJUDEELWVRWKHUVPDOOPDPPDOVDQGXQLGHQWLILHGELUGVWKDWDUH
HLWKHUVWRPDFKFRQWHQWVRUILOOUHIXJH8QOLNH(QWLHUURWKDWIRFXVHGPDLQO\RQFDQLGKHDGVDQG(QWLHUUR
WKDWFRQWDLQHGDEXQGDQWIHOLGVNXOOV(QWLHUURLQFOXGHGDEXQGDQWVHFRQGDU\UHPDLQVRIGLIIHUHQW
VSHFLHVLQFOXGLQJFDQLGVIHOLGVHDJOHVEREZKLWHTXDLODQG,QFDGRYH
7KHGHJUHHRISURFHVVLQJYDULHGVLJQLILFDQWO\LQ(QWLHUURSDUWLFXODUO\DPRQJPDPPDOLDQ
UHPDLQVWKDWLQFOXGHGVRPHVNHOHWRQVSUHSDUHGWRORRNFRPSOHWHZKLOHRWKHUVZHUHPRUHH[WHQVLYHO\
214


SURFHVVHG,VRODWHGSKDODQJHFODZDVVHPEODJHVPD\VLJQLI\WKDWDSDUWIURPWKHVNHOHWDOUHPDLQVRI
VNLQQHGIHOLGVDQGFDQLGVWKHLUSHOWVPD\KDYHDOVREHHQGHSRVLWHGVHSDUDWHO\(DJOHVDQGRWKHUDYLDQ
VSHFLHVVLPLODUO\GHPRQVWUDWHGKHWHURJHQHLW\DVVRPHZHUHOHIWWRPDLQWDLQVNHOHWDOLQWHJULW\VRPHWLPHV
HYHQWD[LGHUPLFDOO\SUHSDUHGZKLOHVWLOORWKHUVSODFHGLVRODWHGZLQJERQHVSUHVXPDEO\ZLWKWKHLUIHDWKHUV
VWLOOLQWDFW7KHKHWHURJHQHLW\SUHVHQWLQWKHVHFRQGDU\EXULDOVLQ(QWLHUURLVQRWVXUSULVLQJJLYHQWKH
TXDQWLW\RIIDXQDOUHPDLQVWKDWZHUHSUHSDUHGIRUWKLVULWXDOVSHFWDFOH7KHVHSURGXFWVZHUHPRVWOLNHO\
DFTXLUHGIURPPXOWLSOHORFDWLRQVWKDWZHUHSURGXFHGZLWKGLYHUVHPDQXIDFWXULQJSURFHGXUHVUHIOHFWHGLQ
WKHHOHPHQWGLVWULEXWLRQDQGWKHLUVXUIDFHIHDWXUHV$WOHDVWLQWKHFDVHRIVHFRQGDU\HDJOHVWKHULWXDOL]HG
SURGXFWLRQSURFHVVLQFOXGHGWKHFDSWXUHDQGPDLQWHQDQFHRIWKHVHDQLPDOVIRUULWXDOLVWLFSXUSRVHVVHH
SUHYLRXVFKDSWHU6LPLODUO\RWKHUDQLPDOVXWLOL]HGIRUVHFRQGDU\SXUSRVHVPD\KDYHDOVREHHQNHSWLQ
FDSWLYLW\DVVXSSRUWHGE\LVRWRSLFGDWD&KDSWHU
(QWLHUUR¶VVHFRQGDU\DVVHPEODJHREYLRXVO\IRFXVHGRQFDQLGVNXOOSURGXFWVDVPDLQLFRQVWKDW
ZHUHFORVHO\DVVRFLDWHGWRWKHKXPDQVDFULILFLDOYLFWLPV&RPSDUHGWRWKHYDULHGFDQLGVNXOODVVHPEODJH
IURP(QWLHUURFDQLGKHDGSURFHVVLQJZDVPXFKPRUHVWDQGDUGL]HG,WHPSKDVL]HGWKHVQRXWFXWPDUNV
ZHUHVFDUFHDQGPD\UHSUHVHQWUHZRUNLQJRIDOUHDG\GHFRPSRVHGVNXOOVWKDWUHTXLUHGQRSHOWH[WUDFWLRQ
2QWKHRWKHUKDQGWKLVPD\LQGLFDWHWKDWWKHSHOWVZHUHVWLOODWWDFKHGWRWKHVQRXWZKLFKZRXOGDOVR
H[SODLQWKHODFNRIFXWPDUNVIURPWKLVDVVHPEODJH:KLOHWKLVDVVHPEODJHGLIIHUHGVLJQLILFDQWO\IURPWKH
FDQLGPD[LOODU\SHQGDQWVIURPWKH)63LQPDQXIDFWXULQJWHFKQLTXHVWKHDVVRFLDWLRQRIWKHVHZROYHVZLWK
WKHLGHQWLW\RIWKHFDSWLYHZDUULRUVLVDSSDUHQW$SDUWIURPWKHVHFDQLGUHPDLQVWKHIHOLGVNXOOVGHSRVLWHG
LQWKLVFRQWH[WDOVRH[KLELWHGVLPLODUSDWWHUQLQJWKDWRQO\HPSKDVL]HGWKHVQRXWRIWKHDQLPDO6XFK
VWDQGDUGL]DWLRQDPRQJWKHVHVSHFLHVLQWKLVFRQWH[WGHVSLWHWKHDEXQGDQFHRIFUDQLDOHOHPHQWVVXJJHVWWKDW
WKHUHZDVPRUHVSHFLDOL]HGSURGXFWLRQIURPDUHVWULFWHGVRXUFH3HUKDSVE\WKLVWLPHWKHUHZDVD
FRQYHQWLRQRIWKHSURSHUIRUPIRUULWXDOSDUDSKHUQDOLDRULWVSURGXFWLRQZDVPRUHUHVWULFWHG
8QIRUWXQDWHO\VHFRQGDU\GHSRVLWVIURP(QWLHUURZHUHPXFKKDUGHUWRUHFRQVWUXFWGXHWRWKH
IUDJPHQWHG]RRDUFKDHRORJLFDOUHFRUG2QHDVSHFWWKDWLVFOHDULVWKDWWKHUHZDVDIRFXVRQIHOLG
SDUDSKHUQDOLDSDUWLFXODUO\LQWKHIRUPRIFRPSRVLWHILJXUHVSRVVLEO\SXOOLQJWHHWKRIPXOWLSOHLQGLYLGXDOV
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WRIRUPRQHFOXVWHU0DQ\SKDODQJHVDQGFODZVRIIHOLGVZHUHDOVRVFDWWHUHGWKURXJKRXWWKHRIIHULQJVRPH
RIZKLFKZRXOGKDYHSUREDEO\EHHQDWWDFKHGWRWKHLUSHOWV7ZRRIWKHKXPDQVGHSRVLWHGLQWKLVFDFKH
KHOGDQLPDOSURGXFWVRQHRIWKHPFDUULHGWKHRQO\FDQLGVNXOOIURPWKLVFRQWH[WZKLOHDQRWKHUKHOGD
IHOLGKHDG0RVWOLNHO\WKHVHFUDQLDZRXOGKDYHUHVHPEOHGWKHSUHSDUHGVNXOOVWKDWRQO\FRQWDLQHGWKH
VQRXWZLWKDSURFHVVHGPDQGLEOHOLNHWKDWIRXQGLQ(QWLHUUR7KH\ZHUHFORVHO\OLQNHGWRWKHLQGLYLGXDOV
WKDWKHOGWKHVHVNXOOVVHH&KDSWHU+DZNVZRXOGKDYHHQWHUHGWKHVFHQHDVIHDWKHUHGZLQJHOHPHQWV
DQGLQRQHLQVWDQFHZDVGHSRVLWHGZLWKLWVIHHWWDUVRPHWDWDUVXVDQGWDORQVSRVVLEO\DVDIHDWKHUHGFDSH
,QWHUHVWLQJO\RQHIRUHDUPRIDVSLGHUPRQNH\ZDVDOVRLQFOXGHGLQWKHRIIHULQJDOWKRXJKQRVXUIDFH
IHDWXUHVKHOSHGLQWHUSUHWLIWKLVZDVSUHSDUHGLQDQ\ZD\0RVWOLNHO\WKHEDUHERQHVRIWKLVPRQNH\ZHUH
GHSRVLWHGDVLVRODWHGHOHPHQWVSURFXUHGIURPDQRQORFDOVRXUFH
7KUHHSUHSDUHGVNHOHWRQVZHUHGHSRVLWHGLQ2IUHQGDDWWKH6XQ3\UDPLG7KHIHOLGDQGFDQLG
ERWKUHWDLQHGPXFKRILWVEUDLQFDVHDQGDEXQGDQWPDUNVGHPRQVWUDWHWKHVHHOHPHQWVHQWHUHGWKHVFHQHDV
EDUHERQHVVLPLODUWRWKHFDQLGDQGIHOLGVNXOOVGHVFULEHGLQ(QWLHUURVDQG7KHUHPDLQVRIWKHUHG
WDLOHGKDZNLQGLFDWHGLVPHPEHUPHQWDQGSUHSDUDWLRQDORQJWKHZLQJDQGWDUVRPHWDWDUVXVWKHVHERQHV
PD\KDYHHQWHUHGWKHULWXDOVFHQHEDUHXQOLNHWKHHDJOHVSUHSDUHGLQ(QWLHUUR
Ritualized Production 
7KLVFKDSWHUGHVFULEHGWKHPDWHULDOWUDFHVRIIDXQDOULWXDOSDUDSKHUQDOLDIRXQGLQWKHGHGLFDWRU\
FKDPEHUV7KHUHVXOWVGHPRQVWUDWHGDVKLIWIURPDKHWHURJHQHRXVPDQXIDFWXULQJWHFKQLTXHIRUPXOWLSOH
VSHFLHVPDLQO\REVHUYHGLQ(QWLHUUREXWWRVRPHH[WHQW(QWLHUURDQG2IUHQGDWRDPRYHWRZDUGV
LPSOHPHQWLQJDPRUHVWDQGDUGL]HGSURGXFWLRQVHTXHQFHREVHUYHGLQ(QWLHUURVDQG7KHUHLVDOVRD
VKLIWIURPXVLQJVSHFLHVSUHSDUHGVHFRQGDULO\LQVRPHZKDWEDODQFHGGLVWULEXWLRQ²(QWLHUURVDQG
2IUHQGD²WRXWLOL]LQJNH\VHFRQGDU\LFRQV²(QWLHUURWKDWHPSKDVL]HGFDQLGVDQG(QWLHUURWKDW
HPSKDVL]HGIHOLGV
,WLVLPSRUWDQWWRUHDOL]HWKHLQWHUDFWLRQEHWZHHQSURGXFHUDQGWKHDQLPDOSURGXFWLQWKLVFDVH
FRQVLVWLQJPDLQO\RIWKHVDPHKLJKO\V\PEROLFDQLPDOVDVWKRVHHOHFWHGIRUULWXDOVDFULILFH)XUWKHUPRUH
WKHSUHVHQFHRIRWKHUVHFRQGDU\DYLDQVSHFLHVQRWIRXQGLQSULPDU\FRQWH[WVKLJKOLJKWVDQRWKHUVXEVHWRI
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DQLPDODFWRUV7KHVHDQLPDOVZRXOGKDYHVXSSOHPHQWHGWKHSULPDU\VSHFLHVUHVHUYHGIRUULWXDOVDFULILFH
ZKLOHDGGLQJPRUHGLYHUVLW\DQGXQLTXHH[SUHVVLRQVLQWKHULWXDOVSHFWDFOH
,QVRPHLQVWDQFHVVHFRQGDU\SDUDSKHUQDOLDZHUHDQLQWHJUDOFRPSRQHQWRIFRQVWUXFWLQJWKH
LGHQWLW\RIWKHVDFULILFHGKXPDQVDQGRULHQWLQJWKHULWXDOVFHQH0RVWOLNHO\WKHFDQLGDIILOLDWLRQH[SUHVVHG
LQ(QWLHUURGHILQHGWKHLUHQWLW\DVZDUULRUVPD\EHHYHQRIDVSHFLILFFODQ6LPLODUO\WKHVHFRQGDU\
SURGXFWVRIIHOLGVNXOOVLQ(QWLHUURVXUURXQGLQJRQHRIWKHWKUHHVDFULILFHGKXPDQVDOVRDOOXGHGWRWKH
LGHQWLW\RIWKHYLFWLP,WLVLPSRUWDQWLQVXFKFDVHVWREHDEOHWRLQWHUSUHWWKHFRPSOHWHULWXDOL]HG
SURGXFWLRQSURFHVVRIWKHDQLPDOSDUWVRIZKLFKFDQEHUHFRQVWUXFWHGWKURXJKWKH]RRDUFKDHRORJLFDO
DVVHPEODJH7KHSURGXFWLRQSURFHVVPD\KDYHRULJLQDWHGIURPWKHFDSWXUHDQGPDLQWHQDQFHRIWKHDQLPDO
LQWKHFLW\FRQILQHVDVZDVREVHUYHGDPRQJVRPHRIWKHVHFRQGDU\HDJOHV,WUHPDLQVWREHFRQILUPHGLI
WKLVZDVWKHFDVHIRURWKHUVHFRQGDU\SURGXFWVODFNLQJ]RRDUFKDHRORJLFDOLQGLFDWRUVRIWKLVLQWHUDFWLRQ
+RZHYHULWLVLPSRUWDQWWRNHHSLQPLQGWKDWPXFKLQIRUPDWLRQLVORVWE\H[DPLQLQJRQO\WKH
]RRDUFKDHRORJLFDOUHFRUG)RUH[DPSOHDYHQXHVQRWDGGUHVVHGLQWKLVVWXG\DUHZKDWZHUHRWKHU
ULWXDOL]HGSURGXFWLRQSURFHVVHVQRWREVHUYHGLQWKH]RRDUFKDHRORJLFDOGDWDWKDWKHOSHGDQLPDWHWKHVHULWXDO
SDUDSKHUQDOLDGDQFLQJVLQJLQJSHUIRUPLQJHWF,WLVDOVRLPSRUWDQWWRXQGHUVWDQGWKHVHWZRGDWDVHWV
WRJHWKHUWRDVNLIWKHGLIIHUHQFHVREVHUYHGLQSULPDU\YHUVXVVHFRQGDU\EXULDOVDUHPHDQLQJIXOWR
XQGHUVWDQGLWVUROHLQVWDWHULWXDOL]HGSHUIRUPDQFHV


 
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,VRWRSLF(YLGHQFH$QLPDO&DSWLYLW\DQG'LHW
&DUERQDQGQLWURJHQLVRWRSHUDWLRVRIKXPDQDQGIDXQDOFROOHFWLRQVKDYHEHHQXVHGWRUHFRQVWUXFW
DQLPDODQGKXPDQGLHWVLQERWKPRGHUQDQGDQFLHQWFRQWH[WV'H1LURDQG(SVWHLQ'HQLURDQG
(SVWHLQ6FKRHQLQJHU6FKZDUF]DQG6FKRHQLQJHU:KLWH3DUWLFXODUO\UHOHYDQWWR
WKHSUHVHQWGLVFXVVLRQLVWKHH[WHQWWRZKLFKSDOHRGLHWDU\UHFRQVWUXFWLRQVFDQLOOXPLQDWHGHJUHHRIKXPDQ
DQLPDOLQWHUDFWLRQV)RUH[DPSOHWKHGRPHVWLFGRJZKLFKLVDQRPQLYRURXVVFDYHQJHUDUHRIWHQXWLOL]HG
DVDSUR[\WKDWUHIOHFWVWKHKXPDQGLHWHJ$OOLWWHWDO7KHUHIRUHLWLVQRVXUSULVHWKDWGRJLVRWRSLF
FRPSRVLWLRQLQ0HVRDPHULFDLOOXVWUDWHGWKDWDODUJHSURSRUWLRQRIWKHLUGLHWLQFOXGHG&UHVRXUFHVSODQW
W\SHGLVWLQJXLVKHGE\LWVSKRWRV\QWKHWLFSDWKZD\VHHGHWDLOVEHORZDVDUHVXOWRIKXPDQUHOLDQFHRQ
PDL]HDVDVWDSOH:KLWHHWDOE:KLWHHWDOD6LPLODUO\KLJKGHJUHHRI&LQSXWXSWR
SUHVXPDEO\PDL]HLQWKHGLHWRIFDSWLYHPDFDZVDQGWXUNH\VKDYHEHHQDXVHIXOLQGLFDWRUWKDWWKH\ZHUH
NHSWHYHQEUHGLQFDSWLYLW\5DZOLQJVDQG'ULYHU6RPHUYLOOHHWDO
6\DQWKURSLVWVRUDQLPDOVWKDWSUHIHUGLVWXUEHGYHJHWDWLRQRIWHQFRKDELWKXPDQVHWWOHPHQWVRIWHQ
H[SORLWLQJPLOSDVDQGRWKHUDJULFXOWXUDOSURGXFWVWKDWKHLJKWHQKXPDQDQLPDOLQWHUDFWLRQV3RKO
5HLQD:KLWH6XFKDQLPDOVOLNHWKHSHFFDU\DQGGHHUKDYHEHHQLGHQWLILHGGXHWRKDYLQJD
PL[HGGLHWRI&DQG&DQRWKHUSODQWSKRWRV\QWKHWLFSDWKZD\JUDVVHVFRQVXPLQJKLJKHUGHJUHHRI
PDL]HLQWKHLUGLHWWKDQWKHLUZLOGFRXQWHUSDUWV:KLWHHWDOD7KHVHFRQWUDVWWRRWKHUDQLPDOVWKDW
KDYHDSUHGRPLQDQWO\³ZLOG´VLJQDWXUHZLWKYHU\OLWWOH&LQSXWLQFOXGLQJGHHUDQGSHFFDU\WKDWZHUH
SUREDEO\KXQWHGLQPRUHIRUHVWHGQRQGLVWXUEHGKDELWDWVDQGIHUDOGRJV7KXVLVRWRSLFDQDO\VLVKDV
UHFRUGHGDFRQWLQXXPLQį&YDOXHVIURPZLOGSUHGRPLQDQWO\&GLHWVWRGRPHVWLFDWHGEUHGDQLPDOV
ZLWKYHU\KLJK&EDVHGGLHWV
&RUUHODWHGWRWKHLQFUHDVHGUHOLDQFHRQ&EDVHGGLHWDPRQJGRJVDWWKHVLWHRI&ROKDZDVD
GHFUHDVHLQWKHQLWURJHQYDOXHVVXJJHVWLQJORZHUOHYHOVRIFDUQLYRU\:KLWHHWDOE7KHVHFDVH
VWXGLHVGHPRQVWUDWHGWKDWFDSWLYHDUWLILFLDOIHHGLQJPD\DOVREHUHFRUGHGE\LQFUHDVHGOHYHOVRIRPQLYRU\
WKDWFDQEHGHWHFWHGWKURXJKWKHQLWURJHQLVRWRSLFUDWLR
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
)LJXUH0RGHORIUHODWLRQVKLSEHWZHHQį1DQGį&YDOXHVRIZLOG$DQGFDSWLYH%	&
VLJQDWXUHV

7KLVFKDSWHUIRFXVHVRQDSDOHRGLHWDU\UHFRQVWUXFWLRQRIIHOLGVFDQLGVHDJOHVDQGUDEELWVXWLOL]HG
LQSULPDU\DQGVHFRQGDU\GHSRVLWVIURPRIIHUWRU\FKDPEHUVLQRUGHUWRUHFRJQL]HVLPLODUHYLGHQFHRI
DUWLILFLDOIHHGLQJ%DVHGRQDYDLODEOH]RRDUFKDHRORJLFDOHYLGHQFHLWZDVK\SRWKHVL]HGWKDWWKHUHZDVD
KHWHURJHQHRXVSRSXODWLRQZKHUHE\SULPDU\EXULDOVZHUHFRPSRVHGRIVRPHDQLPDOVNHSWLQFDSWLYLW\IRU
SURORQJHGSHULRGVRIWLPHZKLOHIRUWKHPRVWSDUWVHFRQGDU\GHSRVLWVUHSUHVHQWHGIDXQDWKDWZHUHKXQWHG
LQWKHZLOG3UHVXPDEO\VXFKDQLPDOVEURXJKWLQWRWKHPHWURSROLWDQFHQWHUZRXOGKDYHEHHQIHGHLWKHU
VPDOOJDPHSUREDEO\UDEELWVVLQFHWKH\DUHIRXQGLQWKHVWRPDFKFRQWHQWUDLVHGLQ7HRWLKXDFDQ
SUHVXPDEO\RQDPDL]HGLHWDPRQJWKHVSHFLDOL]HGFDUQLYRUHVRUDPL[HGGLHWZLWKRWKHUYHJHWDO
PDWHULDOVVXFKDVPDL]HWRVSHFLHVWKDWWROHUDWHRPQLYRU\FDQLGV7KLVLVDK\SRWKHVLVWKDWFDQEHWHVWHG
WKURXJKH[DPLQLQJWKHFDUERQDQGQLWURJHQVLJQDWXUHDVWKH\VLJQDOWKHLQFRUSRUDWLRQRI&SUHVXPDEO\
PDL]HEDVHGGLHWDQGWKHOHYHORIFDUQLYRU\UHVSHFWLYHO\
,QDGGLWLRQLVRWRSLFGDWDFDQGHWHUPLQHFKDQJHVLQWKHGLHWWKURXJKH[DPLQLQJWHHWK²ZKLFK
PLQHUDOL]HRQO\RQFHGXULQJHDUO\VWDJHVRIGHYHORSPHQW²DQGERQH²WKDWUHPRGHOVFRQWLQXRXVO\DQG
IXVHVPXFKODWHULQOLIH$VVXFKIRXUWHVWDEOHK\SRWKHVHVDUHSUHVHQWHG)LJXUH+ZLOGDQLPDOV
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ZHUHKXQWHGWHHWKDQGERQHYDOXHV $+ZLOGDQLPDOVZHUHFDSWXUHGWKHQNHSWLQFDSWLYLW\WKDWOHG
FDUQLYRUHVWRHLWKHUFRQVXPHPDL]HLQGLUHFWO\WKURXJKWKHKHUELYRUHVWKDWWKH\ZHUHIHGWHHWK $
ERQH %RU+E\WROHUDWLQJDQRPQLYRURXVGLHWWKDWLQFOXGHGYHJHWDOPDWHULDOVWHHWK $ERQH &DQG
+FDUQLYRUHVIRUULWXDOSXUSRVHVZHUHEUHGLQFDSWLYLW\WHHWKDQGERQHV %RU&:HZRXOGH[SHFW
GLIIHUHQWVWUDWHJLHVEHDSSOLHGWRGLIIHUHQWVSHFLHV+IRUVSHFLDOL]HGFDUQLYRUHV+IRUWKRVHWKDWFDQ
WROHUDWHRPQLYRU\7KLVDQDO\VLVFDQFKDUDFWHUL]HZKDWSURSRUWLRQRIWKHDQLPDOVZHUHNHSWLQFDSWLYLW\
DQGWKHGXUDWLRQRIWKHLUFRQILQHPHQW,QFRQWLQXDWLRQWKHPHWKRGRORJ\LVH[SODLQHGDQGWKHGDWDVHW
SUHVHQWHGLQRUGHUWRORRNDWRYHUDOOSDWWHUQVLQSDOHRGLHWDU\UHFRQVWUXFWLRQRIULWXDOL]HGIDXQD
,VRWRSHVDVD3UR[\RI'LHW
 3DOHRGLHWDU\UHFRQVWUXFWLRQVXWLOL]HWKHUDWLRVRIFHUWDLQLVRWRSHV&&DQG11LQ
SUHVHUYHGWLVVXHWRGLVHQWDQJOHWKHUHODWLYHSURSRUWLRQVRIGLIIHUHQWW\SHVRIUHVRXUFHVLQWKHGLHW6XFK
UDWLRVDUHH[SUHVVHGDVGHOWDYDOXHVį(;LQSDUWVSHUPLOÅUHIOHFWLQJWKHUDWLR
į(; 5VDPSOH5VWDQGDUG5VWDQGDUG[
; &RU1( RUUHVSHFWLYHO\DQG5 WKHUDWLRVRI&&DQG11
 $VGLIIHUHQWWLVVXHVIRUPDWGLIIHUHQWUDWHVZLWKYDU\LQJGHJUHHVRISUHVHUYDWLRQLQWHUSUHWLQJZKDW
WLPHIUDPHWKHLVRWRSLFUDWLRUHIOHFWVLVGHSHQGHQWRQXQGHUVWDQGLQJWKHSK\VLRORJ\RIWKHWLVVXHH[DPLQHG
,QWKLVFDVHZHZHUHDEOHWRH[WUDFWLVRWRSLFUDWLRVIURPFROODJHQDQGDSDWLWHRIERQHDQGWHHWK7HHWKDUH
IRUPHGGXULQJLQIDQF\DQGRUHDUO\DGROHVFHQFHZKLOHERQHUHPRGHOVDVDFRQVWDQWUDWHGHSHQGLQJRQWKH
VNHOHWDOHOHPHQWVSHFLHVDQGDJHRIWKHLQGLYLGXDO,QWKHFDVHRIKXPDQVIRUH[DPSOHERQHFROODJHQ
WXUQRYHUUDWHDYHUDJHVDURXQGWHQ\HDUVWKDWYDULHVEDVHGRQWKHHOHPHQWDQGSRUWLRQRIERQHH[DPLQHG
6FKZDUF]DQG6FKRHQLQJHU,QVRPHFDVHVVXFKDVKDLUWKDWJURZVLQFUHPHQWDOO\YHU\GHWDLOHGOLIH
KLVWRU\UHFRQVWUXFWLRQVDUHSRVVLEOHHJ:LOVRQHWDO7KHSUHVHQWVWXG\H[DPLQHGERWKWHHWKDQG
ERQHWRGHWHFWFKDQJHVRUFRQWLQXLWLHVLQWKHLVRWRSLFVLJQDWXUHRYHUWKHOLIHVSDQRIWKHDQLPDO
 %RQHLVPDGHRIRUJDQLFFROODJHQDQGPLQHUDODSDWLWHFRPSRQHQWVHDFKSURYLGHVLQIRUPDWLRQ
DERXWGLIIHUHQWLVRWRSLFHOHPHQWV&DUERQDQGQLWURJHQLVRWRSLFUDWLRVDUHH[WUDFWHGIURPFROODJHQZKLOH
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FDUERQDQGR[\JHQLVRWRSLFUDWLRVDUHUHDGIURPDSDWLWH:KLOHERWKFROODJHQDQGDSDWLWHZDVDQDO\]HGLQ
ERQHRQO\DSDWLWHGDWDZDVJDWKHUHGIURPWHHWKVSHFLPHQVEHFDXVHHQDPHOLVPDGHSULPDULO\RI
K\GUR[\DSDWLWHZLWKRQO\QHJOLJLEOHSURWHLQFRQWHQW$QDO\VLVSDUWLFXODUO\IRFXVHGRQFDUERQIURPDSDWLWH
DQGFROODJHQDQGQLWURJHQLVRWRSLFUDWLRVIRULQWHUSUHWLQJWKHGLHWDU\FRPSRVLWLRQRIWKHIDXQDDQDO\]HG
ZKLOHWKH2LVRWRSLFVLJQDWXUHLVRQO\PLQLPDOO\GLVFXVVHG
Carbon isotopes 
 ,QWKHFDVHRIFDUERQLVRWRSHVYDULDWLRQLVEDVHGRQWKHW\SHRISKRWRV\QWKHWLFSDWKZD\RIWKH
SODQW7KHFDOYLQF\FOH&SKRWRV\QWKHWLFSDWKZD\LVFKDUDFWHUL]HGE\WKUHHFDUERQPROHFXOHUHGXFWLRQ
SURFHVVRIDWPRVSKHULF&2IRXQGLQWUHHVVKUXEVDQGWHPSHUDWHJUDVVHVWKDWDUHFKDUDFWHULVWLFRIPRVW
ZLOGDQGFXOWLYDWHGSODQWVRIWHPSHUDWHWURSLFDORUVXEDUFWLFUHJLRQVYDOXHVUDQJHDURXQGÅ
2
/HDU\6PLWKDQG(SVWHLQ$IRXUFDUERQPROHFXOHR[DORDHWDWHIRXQGDPRQJWURSLFDO
JUDVVHVDUHEDVHGRQD+DWFK6ODFNF\FOH&PDLQO\GLVWULEXWHGLQZDUPDULGWRVXEDULGUHJLRQVYDOXHV
DURXQGÅ2
/HDU\6PLWKDQG(SVWHLQ&UDVVXODFHDQDFLGPHWDEROLVP&$0SODQWV
DUHFKDUDFWHULVWLFRIDOOVXFFXOHQWVIRXQGLQKRWDULGHQYLURQPHQWVVXFKDVDJDYHQRSDOFDFWXVDQGRWKHU
FDFWLWKDWDUHDYDLODEOHLQWKHDULGKLJKODQGVRI0H[LFRWKHLUYDOXHVUDQJHEHWZHHQ&DQG&SODQWV
RYHUODSSLQJPRUHZLWK&YDOXHV2
/HDU\6PLWKDQG(SVWHLQ7KHFDUERQLVRWRSLFUDWLRWKHQ
SURYLGHVWKHZHLJKWHGDYHUDJHRIWKHVHGLIIHUHQWSODQWW\SHVLQWRWKHGLHWRIWKHRUJDQLVP'H1LURDQG
(SVWHLQYDQGHU0HUZH,WLVWKXVLPSRUWDQWWRGHILQHZKDWIRRGUHVRXUFHVWKHVHUDWLRVDUH
SRLQWLQJWRZDUGVDQGWKHLUUHODWLYHSURSRUWLRQVRIWKHWRWDOGLHW
:KLOHWKHUHDUHRWKHUFRPPRQSODQWUHVRXUFHVFRQVXPHGLQWKH0H[LFDQKLJKODQGVWKDWDUH&
JUDVVHVVXFKDVWKHDPDUDQWKAmaranthus spp.DQGHSD]RWHChenopodium ambrosodies:KLWH
PDL]HZea maysZDVWKHGRPLQDQWVWDSOHFRQVXPHGWKURXJKRXW0HVRDPHULFD0RUDOHV3XHQWHHWDO
:KLOHLWLVHDV\WRVLPSO\FRUUHODWH&EDVHGGLHWDU\LQSXWDVDGLUHFWLQGLFDWLRQRIPDL]H
FRQVXPSWLRQFDXWLRQDU\HYLGHQFHUHSRUWKLJKDPRXQWRIELRPDVVLQWKH9DOOH\RI2D[DFDDOVRDQDULG
KLJKODQGKDELWDWZDVFRPSRVHGRIQRQPDL]H&JUDVVHV:DULQQHUHWDO7KH%DVLQRI0H[LFR
SUREDEO\DOVRFRQWDLQHGVLPLODUO\KLJKRUHYHQJUHDWHUYDULHWLHVRIQDWXUDO&JUDVVHVWKDWFRXOGKDYHEHHQ
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FRQVXPHGE\WKHDQLPDOV+RZHYHUWKLVVWXG\H[DPLQHVFDUERQLVRWRSLFUDWLRVRIDODUJHSRSXODWLRQDQG
WKHUHODWLYHGLIIHUHQFHEHWZHHQJURXSVVSHFLHVSULPDU\VHFRQGDU\EXULDOVHWF7KHLVRWRSLFUDWLRV
SUHVHQWHGLQWKHVWXG\DUHQRWUHOLDQWRQWKHIDFWWKDWWKH&SURSRUWLRQRIWKHGLHWZDVFRPSRVHGRIRQO\
PDL]HEXWWKDWLWZDVVLJQLILFDQWO\DOWHUHGIURPRWKHUJURXSV
'LVWULEXWLRQRILVRWRSLFFDUERQUDWLRVVLJQLI\WKHFRPSRVLWLRQRI&&DQG&$0SODQWVLQWRWKH
FDUQLYRUHV¶GLHWWKURXJKWZRGLHWDU\SDWKZD\VGLUHFWFRQVXPSWLRQRUDQLQGLUHFWUHIOHFWLRQRIWKHYHJHWDO
FRPSRVLWLRQRIWKHLUSUH\$PEURVHDQG'H1LUR'H1LURDQG(SVWHLQ.UXHJHUDQG6XOOLYDQ
$VVRPHFDUQLYRUHVWROHUDWHVRPHOHYHORIRPQLYRU\LWLVLPSRUWDQWWRGLVWLQJXLVKEHWZHHQWKHVH
WZRVRXUFHVRIFDUERQLQSXW7KLVFDQEHDFFRPSOLVKHGE\ORRNLQJDWWKHWZRVRXUFHVRIFDUERQ²
FROODJHQDQGDSDWLWH²WRFUHDWHGLHWDU\PRGHOV
7KHLQRUJDQLFERQHSKDVHERQHDSDWLWHGHULYHVLWVFDUERQFRQWHQWIURPWKHEORRGELRFDUERQDWH
ZKLOHERQHFROODJHQLVUHVSRQVLYHWRERQHJURZWKDQGWXUQRYHURIWKHSURWHLQPDWUL[$PEURVHDQG1RUU
)URHKOHHWDO.HOOQHUDQG6FKRHQLQJHU7LHV]HQDQG)DJUH&RQWUROOHGIHHGLQJ
H[SHULPHQWVRQDQLPDOVGHPRQVWUDWHGWKDWERQHDSDWLWHWUDFNVRYHUDOOGLHWZKLOHWKHFROODJHQLVPRUH
UHVSRQVLYHWRWKHGLHWDU\SURWHLQVRXUFHVHHVXPPDULHVLQ$PEURVHDQG1RUU.HOOQHUDQG
6FKRHQLQJHU7LHV]HQDQG)DJUH7KXVGLIIHUHQWFRPSRQHQWVRIWKHERQHVLJQLI\GLVWLQFW
DVSHFWVRIWKHGLHW7KLVLVZK\ERWKFROODJHQDQGFDUERQDWHGDWDZHUHH[DPLQHGLQWKLVVWXG\
Nitrogen isotopes 
7KHQLWURJHQLVRWRSHVRIDQRUJDQLVPDUHLQIOXHQFHGE\WKHQLWURJHQFRPSRVLWLRQRILWVGLHW
'HQLURDQG(SVWHLQ6FKRHQLQJHUHWDO1LWURJHQLVLQFRUSRUDWHGLQWRIRRGZHEVIURP
DWPRVSKHULF1SUHVHQWLQWKHVRLOVWDUWLQJDWDYHU\ORZOHYHODOPRVWÅ1IL[LQJOHJXPLQRXVSODQWV
KDYHPXFKORZHUį1YDOXHVFORVHWRÅZKLOHRWKHUSODQWVSURFHVV1WKURXJKIUDFWLRQDWLRQLQWKHLU
URRWVDQGVWHPVHQULFKLQJWKHį1YDOXHVE\Å'HOZLFKHDQG6WH\Q9LUJLQLDDQG'HOZLFKH
0DULQHDQLPDOVFRQWDLQVLJQLILFDQWO\KLJKHUį1YDOXHVEHFDXVHRIKLJKGHJUHHVRIQLWUDWHDQG
SDUWLFXODWHRUJDQLFPDWWHUSUHVHQWLQWKHRFHDQDVZHOODVWKHGHQLWULILFDWLRQSURFHVVHV3ULFHHWDO
6FKRHQLQJHUDQG'H1LUR6RLOQXWULHQWVURRWGHSWKGHHSHUURRWHGSODQWVWHQGWREHPRUHHQULFKHG
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LQ1XVHRI[HULFYHUVXVPHVLFKDELWDWVDQGWKHWURSKLFOHYHODOVRDIIHFWLVRWRSLFQLWURJHQ$PEURVH
.HOO\2WKHUVRXUFHVRIYDULDWLRQXQUHODWHGWRGLHWLQFOXGHERG\SK\VLRORJ\HQYLURQPHQW
DULGKXPLGQXWULWLRQDOVWUHVVDQGVRLOFRQGLWLRQVHVSHFLDOO\GXHWRLQWHQVLYHDJULFXOWXUDOSUDFWLFHVWKDW
FDQVRPHWLPHVVXUSDVVWURSKLFOHYHOGLIIHUHQFHVLQWKHį1YDOXH$PEURVH+REVRQHWDO
:DULQQHUHWDO:HDQLQJFDQDOVRHQULFKWKHQLWURJHQUDWLR+XPDQDQGDQLPDOEDELHVFDQFRQWDLQ
į1YDOXHVXSWRRQHWURSKLFOHYHOKLJKHUWKDQWKHPRWKHU¶V)XOOHUHWDO7KXVLQGLYLGXDOVLQWKH
ZHDQLQJVWDJHVKRXOGEHHYDOXDWHGVHSDUDWHO\
7KHWURSKLFOHYHOHIIHFW7/(LVWKHUHVXOWRISUHIHUHQWLDOSUHVHUYDWLRQRQKHDY\LVRWRSHVZLWK
HDFKWURSKLFOHYHOWKDWLVUHFRUGHGLQERWKFDUERQDQGQLWURJHQYDOXHV7KLVYDULDWLRQLVIDLUO\VXEWOHZLWK
FDUERQUDWLRVDERXWÅHQULFKPHQW.HOO\6FKRHQLQJHUEXWDQDYHUDJHRIÅHQULFKPHQW
RFFXUVZLWKQLWURJHQIRUHDFKWURSKLFVWHSXSWRÅ$PEURVHDQG1RUU+HGJHVDQG5H\QDUG
.HOO\6FKRHQLQJHUDQG'H1LUR
:LWKLQWHUUHVWULDOHFRV\VWHPVOHYHOVRIFDUQLYRU\FDQEHDVVHVVHGWKURXJKį1YDOXHVDVDUHVXOW
RIWKHLPEDODQFHEHWZHHQGLHWDU\LQSXWDQGRXWSXWWKDWLVDFFHQWXDWHGZLWKHDFKWURSKLFOHYHO0LQDJDZD
DQG:DGD6FKRHQLQJHU6FKRHQLQJHUDQG'H1LUR7KXVKHUELYRUHV¶į1YDOXHLV
DURXQGÅPRUHWKDQWKHLUGLHWSODQWVFDUQLYRUH¶Vį1YDOXHDUHÅPRUHHQULFKHGWKDQWKDWRIDQ
KHUELYRUHZKLOHDQRPQLYRUH¶VGLHWZRXOGUDQJHEHWZHHQWKHVHYDOXHVEDVHGRQWKHOHYHORIFDUQLYRU\
6FKRHQLQJHUDQG'H1LUR$PRQJKXPDQVVXFKLQYHVWLJDWLRQVKDYHVXFFHVVIXOO\GLVWLQJXLVKHG
OHYHOVRIPHDWFRQVXPSWLRQRIWHQDVVRFLDWHGZLWKJHQGHUDQGVWDWXVGLIIHUHQFHV6RPHUYLOOHHWDO
7KH2[\JHQ6LJQDWXUH(QYLURQPHQWDQG0LJUDWLRQ
 2[\JHQLVRWRSHYDOXHVH[SUHVVHGDVį2DUHXVHGWRUHFRQVWUXFWSDVWHQYLURQPHQWDOFRQGLWLRQV
6XFKLQWHUSUHWDWLRQVDUHEDVHGRQWKHDVVXPSWLRQWKDWį2VLJQDWXUHVUHIOHFWWKHLVRWRSLFFRPSRVLWLRQRI
WKHORFDOZDWHUVRXUFHVLQJHVWHGE\WKHRUJDQLVP7KHVHZDWHUVRXUFHVYDU\GHSHQGLQJRQWKHFOLPDWHDQG
JHRJUDSK\RIWKHUHJLRQDOWLWXGHODWLWXGHKXPLGLW\WHPSHUDWXUHDQGGLVWDQFHIURPWKHVHD$\OLIIHDQG
&KLYDV3RDJHDQG&KDPEHUODLQ$VWKHVHIDFWRUVDUHUHJLRQDOO\VSHFLILFR[\JHQLVRWRSHVDOVR
UHFRUGPLJUDWLRQRIERWKIDXQD+REVRQ:DVVHQDDUHWDODQGKXPDQV6WXDUW:LOOLDPVHWDO
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:KLWHHWDOD:KLWHHWDO:KLWHHWDO:KLWHHWDO.LOLQJOH\
.QXGVRQDQG3ULFH
([DPLQLQJLVRWRSHVLJQDWXUHRIERQHDSDWLWHSURYLGHVVLPXOWDQHRXVį&DSDLWHDQGį2YDOXHV
7KXVWKHEHORZDQDO\VLVRIWKHLVRWRSHVLJQDWXUHVIURP7HRWLKXDFDQEULHIO\GLVFXVVHVWKHį2YDOXHV
FRUUHVSRQGLQJWRHDFKVDPSOH+RZHYHUGXHWRWKHIRFXVRQSDOHRGLHWDU\UHFRQVWUXFWLRQVLQWKLVVWXG\
WKHR[\JHQGDWDLVQRWLQWHUSUHWHGLQPXFKGHWDLO7KLVLVEHFDXVHPDQ\IDFWRUVRIWKHORFDOZDWHUVRXUFHV
DQGWKHDQLPDO¶VSK\VLRORJ\PXVWEHXQGHUVWRRGLQRUGHUWRLQWHUSUHWWKHUHVXOWV,QIXWXUHVWXGLHVWKH
R[\JHQUHVXOWVZLOOEHH[DPLQHGWRUHFRQVWUXFWWKHPRYHPHQWRIDQLPDOVRQWKHODQGVFDSHDVVRPHRIWKH
VSHFLHVLQFOXGHGLQWKHRIIHUWRU\FDFKHVZHUHRIQRQORFDORULJLQ
7KH6DPSOH
 $VGLIIHUHQWVSHFLHVKDYHYDU\LQJWHHWKHUXSWLRQVHTXHQFHDQGERQHUHPRGHOLQJUDWHVIRUHDFK
HOHPHQWWKHVDPSOLQJVWUDWHJ\DWWHPSWHGWRVWDQGDUGL]HWKHERQHWRRWKVHOHFWHGIRUHDFKVSHFLHV+RZHYHU
YDULDWLRQVLQSUHVHUYDWLRQDQGFXUDWRUSUDFWLFHVWKDWDWWHPSWHGWRNHHSWKHVNHOHWRQFRPSOHWHGLGQRW
DOZD\VSHUPLWFRPSOHWHO\VWDQGDUGL]LQJWKHVDPSOLQJVWUDWHJ\,WZDVLPSRUWDQWWRVHOHFWHOHPHQWVWKDW
YLVXDOO\ZHUHQRWQRWLFHDEOHZKHQPRXQWHGDVPDQ\RIWKHVHLQGLYLGXDOVKDYHEHHQRUZLOOEHGLVSOD\HG
LQPXVHXPV1RQHWKHOHVVWKHQXPEHURILQGLYLGXDOVVDPSOHGQ WKHSHUFHQWDJHRIWKHSRSXODWLRQ
VDPSOHG7DEOHDQGWKHTXDQWLW\RIERQHVDQGWHHWKVDPSOHGQ 7DEOHPDNHWKLVD
UHSUHVHQWDWLYHVDPSOH
:KHQIHDVLEOHIHOLGDQGFDQLGERQHVDQGWHHWKZHUHH[WUDFWHGIURPHDFKLQGLYLGXDOLQRUGHUWR
GHWHFWFKDQJHVLQWKHLVRWRSLFVLJQDWXUHWKURXJKWLPH)HOLGVZHUHH[WHQVLYHO\VDPSOHGUHSUHVHQWLQJWKH
ODUJHVWLVRWRSLFGDWDVHWIURPWKLVVWXG\ERWKLQWKHQXPEHURILQGLYLGXDOVVDPSOHGRXWRI
LQGLYLGXDOVDQGWKHQXPEHURIVSHFLPHQVSURFHVVHGQ :KHQIHDVLEOHDSUHPRODUPD[LOODU\3P
RU3PDQLQFLVRUXVXDOO\,DQGDFUDQLDOIUDJPHQWZDVFROOHFWHGDORQJZLWKDORQJERQHIUDJPHQWLI
WKHIHOLGZDVDSULPDU\EXULDO$OWKRXJKFUDQLDOIUDJPHQWVDUHQRWWKHLGHDOVDPSOHDVWKHPDMRULW\RIWKH
IHOLGDVVHPEODJHFRQVLVWHGRILQFRPSOHWHKHDGVFUDQLDOSLHFHVZLWKSUHVHUYHGFRUWLFDOERQHZHUHVDPSOHG
$OPRVWDOOIHOLGSULPDU\EXULDOVZHUHVDPSOHGVHYHQRXWRIHLJKWZLWKWKHH[FHSWLRQRIRQHYHU\EDGO\
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7DEOH1XPEHURILVRWRSHVDPSOHVWDNHQRIERQHDQGWHHWKIRUHDFKVSHFLHV6RPHLQGLYLGXDOV
LQFOXGHPXOWLSOHWRRWKDQGERQHVDPSOHV

)HOLG &DQLG (DJOH /HSRULGDH *UDQGWRWDO
(QW
%RQH     
7RRWK     
Total 11 17 0 0 28
(QW
%RQH     
7RRWK     
Total 14 5 1 0 20
(QW
%RQH     
7RRWK     
Total 10 3 9 5 27
(QW
%RQH     
7RRWK     
Total 25 16 15 5 61
2IUHQGD
%RQH     
7RRWK     
Total 2 2 1 1 6
Total 62 43 26 11 142 

SUHVHUYHGVSHFLPHQIURP(QWLHUUR$YDULHW\RIKLQGOLPEORQJERQHIUDJPHQWVZHUHVHOHFWHGIDYRULQJ
WKRVHWKDWZHUHDOUHDG\IUDJPHQWHGWRDYRLGKDYLQJWREUHDNFRPSOHWHERQHV
1LQHWHHQRXWRIFDQLGVZHUHVHOHFWHGWKHPDMRULW\FRPSULVHGRIVHFRQGDU\GHSRVLWV
IURP(QWLHUURVDQG$OOSULPDU\EXULDOVQ ZHUHFKRVHQLQFOXGLQJWHHWKXVXDOO\PDQGLEXODU0RU
0VRPHWLPHVDQLQFLVRUDQGERQHFUDQLDOPDQGLEXODUIUDJPHQWDQGORQJERQHLIDYDLODEOH
8QIRUWXQDWHO\FDQLGGHSRVLWVZHUHJUDYHO\DIIHFWHGE\WKHWDSKRQRPLFSURFHVVHVDQGPRVWRIWKHWLPH
RQO\VPDOOIUDJPHQWDU\HOHPHQWVZHUHDYDLODEOH$VGLVFXVVHGEHORZVHHGLDJHQHVLVVHFWLRQWKLV
UHVXOWHGLQDSDWFK\VDPSOH
1LQHW\SHUFHQWRIWKHHDJOHSRSXODWLRQUHSUHVHQWHGE\ERQHVIURPGLIIHUHQWLQGLYLGXDOVDFURVV
WKHHDJOHVIRXQGLQ(QWLHUURVDQG2IUHQGDZHUHVDPSOHGLQWKHSUHVHQWVWXG\%HVLGHV(QWLHUUR
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ZKHUHLWZDVLPSRVVLEOHWRVDPSOHDOOHLJKWHHQHDJOHVIRXQGLQWKLVFRQWH[WDFRPSOHWHVDPSOHRIHDJOHV
ZHUHWDNHQIURPDOORWKHURIIHULQJV)URPHDFKHDJOHZKHQDYDLODEOHWKHILUVWSUR[LPDOSKDODQJHRIWKH
KLQGOLPEZDVFKRVHQIRUDQDO\VLVEHFDXVHLWFRQWDLQHGWKLFNFRUWLFDOERQHLVXVXDOO\ZHOOSUHVHUYHGDQG
LWVDEVHQFHLVQRWDVYLVXDOO\QRWLFHDEOH
 7KHODVWJURXSRIDQLPDOVVDPSOHGIRUWKHSUHVHQWVWXG\ZHUHOHSRULGVUDEELWVDQGKDUHVIRXQGLQ
WKHVWRPDFKFRQWHQWVRIRWKHUDQLPDOV1LQHRXWRIWKHLQGLYLGXDOVZHUHVDPSOHGFRPSULVLQJRI
WKHOHSRULGVSUHVHQWLQWKHDVVHPEODJH$VPDQ\ZHUH\RXQJFRWWRQWDLOVZLWKGLIIHULQJGHJUHHVRIJDVWULF
HWFKLQJDQGRWKHUVXUIDFHPRGLILFDWLRQVEXUQLQJ,DWWHPSWHGWRVDPSOHRQO\LQGLYLGXDOVWKDWORRNHGZHOO
SUHVHUYHGDQGKDGQRHYLGHQFHRIEXUQLQJ
0HWKRGRORJ\
 7KHLVRWRSLFVWXG\SUHVHQWHGLQWKLVFKDSWHUZDVFDUULHGRXWLQFROODERUDWLRQZLWK$QGUHZ
6RPHUYLOOHDWWKH3DOHRGLHW/DERUDWRU\LQWKH$QWKURSRORJ\'HSDUWPHQWDW8QLYHUVLW\RI&DOLIRUQLD6DQ
'LHJR8&6'XQGHUWKHGLUHFWLRQRI'U0DUJDUHW6FKRHQLQJHU7KHVHVDPSOHVZHUHSURFHVVHGDQG
DQDO\]HGDVSDUWRIWKH1DWLRQDO6FLHQFH)RXQGDWLRQ'RFWRUDWH'LVVHUWDWLRQ*UDQW%&6GXULQJ
UHVLGHQF\DW8&6'DV:LOOLDP57\OHU)HOORZ'XPEDUWRQ2DNV5HVHDUFK/LEUDU\DQG&ROOHFWLRQIURP
7KHVHVDPSOHVZHUHDQDO\]HGDWWKH6FULSSV,QVWLWXWHRI2FHQRJUDSK\6,2$QDO\WLFDO
)DFLOLW\XWLOL]LQJD7KHUPR0$7PDVVVSHFWURPHWHU%HORZ,VXPPDUL]HWKHVDPSOHSURFHVVLQJDQG
DQDO\WLFDOSURFHGXUHVDSSOLHG
Cleaning 
 0DQ\RIWKHVDPSOHVDQDO\]HGLQWKLVFROOHFWLRQKDGXQGHUJRQHFRQVROLGDWLRQDQGUHVWRUDWLRQ
SURFHGXUHVWKDWGLIIHUHGE\RIIHULQJFRQWH[WVDVGLVFXVVHGLQ&KDSWHU'XHWRDSSOLFDWLRQRIGLIIHUHQW
FRQVROLGDQWV5HFRQRV5HFRQRV3DUDORLG%FRQYHQWLRQDOJOXHDQGJOXHVFRQYHQWLRQDOJOXHDQG
3DUDORLG%LQLWLDOVXUIDFHFOHDQLQJDQGZDVKHVZHUHDYHU\FUXFLDOVWHSLQWKHSURFHVVLQJRIFDUERQDWH
DQGFROODJHQVDPSOHV7KHVXUIDFHRIHDFKERQHZDVDOZD\VFOHDQHGZLWKDGLDPRQGSRLQWGUHPHOELWRU
VWDLQOHVVVWHHOHQJUDYLQJELWWRUHPRYHDOOWKHVXUIDFHFRQWDPLQDWLRQRIERWKH[WHULRUDQGLQWHULRUVXUIDFHV
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$OOVSRQJ\ERQHZDVUHPRYHGDWWKLVSRLQWDVWKH\DUHERWKHDVLO\FRQWDPLQDWHGE\WKHFRQVROLGDQWVDQG
SUHVHUYDWLRQRIFRUWLFDOERQHLVPRUHVHFXUH
 2QFHWKHVXUIDFHOD\HUZDVVFUDSSHGWKHVHVDPSOHVZHUHZDVKHGLQXOWUDVRQLFEDWKVLQGRXEOH
GLVWLOOHG+2WZLFHILYHPLQXWHVHDFKDQGRQFHLQDFHWRQH7KHFRQVROLGDQWVYLVLEOHRQWKHVXUIDFHEHJDQ
WRGLVVROYHZLWKHDFKZDVK%\WKHHQGRIWKHVHZDVKHVPRVWRIWKHFRQVROLGDQWVZHUHQRORQJHUYLVLEOH
,IWKHUHZDVVWLOOYLVLEOHVLJQVRIFRQVROLGDQWVUHPDLQLQJRQWKHVXUIDFHDQH[WUDZDVKLQHLWKHUGRXEOH
GLVWLOOHGZDWHURUDFHWRQHZDVDGGHG
 $PRQJWHHWKVDPSOHVXOWUDVRQLFZDVKHVZHUHFRQGXFWHGILUVWWRFOHDQDQ\GLUWDQGFRQVROLGDQWV
IURPWKHVXUIDFH2QFHWKHWHHWKGULHGRYHUQLJKWLQWKHODERUDWRU\RYHQWKHHQDPHOVXUIDFHZDVFOHDQHG
ZLWKWKHGLDPRQGSRLQWGUHPHOELW7KHSURFHGXUHIRUWHHWKZDVUHYHUVHGLQWKLVPDQQHUEHFDXVHWKH
HQDPHORIERQHQRWWKHGHQWLQHZDVVDPSOHGEXWWKHGHQWLQHQHHGHGWREHSUHVHUYHGIRUIXWXUHVWXGLHV
7KXVRQFHWKHVXUIDFHZDVFOHDQHGDIUDJPHQWRIWKHWRRWKZDVFKLSSHGWRVHSDUDWHWKHWKLQHQDPHORID
FDUQLYRUHIURPLWVGHQWLQHFOHDQLQJWKHH[WHULRUVXUIDFHZLWKWKHGUHPHO3RZGHUHGGHQWLQHJHQHUDWHG
GXULQJGULOOLQJWKHLQWHULRUZDVNHSWLQSODVWLFYLDOVIRUIXWXUHVWXGLHVZKLOHWKHHQDPHOZDVVHSDUDWHGIRU
FDUERQDWHSURFHVVLQJ
 ([SHULPHQWDOZRUNKDVGHPRQVWUDWHGWKDW%FRQVROLGDWLRQSURFHGXUHVFDQEHFRPSOHWHO\
UHYHUVHGZLWKDFHWRQHDUJXLQJEDVLFFOHDQLQJPHWKRGVZHUHVXIILFLHQWWRULGWKHVDPSOHVIURPDOWHULQJWKH
LVRWRSLFUHVXOWV%RXZPDQ/HVVLVNQRZQDERXWWKHWZR0H[LFDQFRQVROLGDQWV:KLOHWKH
FRQVHUYDWRUZKRGHYHORSHG5HFRQRVDQG5HFRQRVFODLPHGWKDWWKHVHFRQVHUYDWLRQWHFKQLTXHVVKRXOG
QRWDIIHFWWKHLVRWRSLFRXWSXW9DODGH]HWDODVPDOOH[SHULPHQWDOSURMHFWZDVFRQGXFWHGWRVHFXUH
FRQVLVWHQWUHVXOWVEHWZHHQERQHVDSSOLHGZLWKRWKHUFRQVROLGDQWVXWLOL]HGLQWKLVFROOHFWLRQ,QWKLV
H[SHULPHQWWZRDUFKDHRORJLFDOERQHMDFNUDEELWIHPXUVZHUHVHOHFWHGDQGFXWLQWRILYHSLHFHVHDFKZLWK
GLIIHULQJFRQVROLGDWLRQSURFHGXUHVRQHFRQWURORQHZLWK5HFRQRVWZRZLWK5HFRQRVDQG5HFRQRV
LQFOXGLQJRQHFRUWLFDODQGRQHVSRQJ\ERQHDQGDQRWKHUZLWKFRQYHQWLRQDO0H[LFDQJOXH5HVLVWRO
$IWHUDSSOLFDWLRQWKHVHERQHVZHUHWUHDWHGZLWKWKHVDPHFOHDQLQJPHWKRGVGHVFULEHGDERYHDQGVKRZHG
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PLQLPDOHUURUEHWZHHQWKHLVRWRSLFUDWLRVRIWKHVDPSOHVLWZDVFRQILUPHGWKDWWKHGLIIHUHQWFRQVROLGDQWV
VKRXOGQRWDIIHFWWKHLVRWRSLFUHVXOWV
Apatite 
 $VH[SODLQHGDERYHWZRSRUWLRQVRIWKHERQHZHUHDQDO\]HGDSDWLWHFDUERQDWHDQGFROODJHQ
&DUERQDWHVDPSOHSUHSDUDWLRQIROORZHGVLPLODUSURFHGXUHVWRWKRVHGHVFULEHGE\.RWFKHWDO
2QFHVDPSOHVZHUHFOHDQHGDVPDOOSRUWLRQRIWKHERQHRUWRRWKZDVFKLSSHGWREHSURFHVVHGIRUERQH
FDUERQDWH7KLVIUDJPHQWZDVJURXQGLQWRDILQHSRZGHUXVLQJDQDJDWHPRUWDUDQGSHVWOHDQGPJRI
WKLVSRZGHULVSXWLQWRPLFURFHQWULIXJHWXEHV7KHVHVDPSOHVZHUHWKHQVRDNHGLQDVROXWLRQRI
VRGLXPK\SRFKORULWHEOHDFK1D&,2IRUKRXUVWRGLVVROYHDOORUJDQLFVZDWHUULQVHGDQGGULHGIRU
KRXUVDW&7KHERQHSRZGHUZDVWKHQVRDNHGLQ0DFHWLFDFLG1D2+IRUKRXUVZDWHUULQVHG
DQGGULHGIRUKRXUVDVDPHDQVIRUWUHDWLQJIRUGLDJHQHVLV:ULJKWDQG6FKZDUF]
 2QFHDSDWLWHVDPSOHVZHUHSURFHVVHGPJRIWKLVILQHSRZGHUZDVZHLJKHGDQGWUDQVIHUUHGWR
JODVVWXEHVWREHSODFHGLQWKH7KHUPRILQQLJDQ'HOWD;33OXVPDVVVSHFWURPHWHULQWHUIDFHGZLWKDJDV
EHQFKDWWKH6,2VWDEOHLVRWRSHDQDO\WLFDOIDFLOLW\$QLQWHUQDO&D&2VWDQGDUGZDVLQFOXGHGWRFRQGXFW
FRUUHFWLRQVWKDWZDVUXQRYHUWKHFRXUVHRIVL[PRQWKVZLWKDUHSURGXFLELOLW\RI6'IRUERWKį&DQG
į2
Collagen 
 &ROODJHQSUHSDUDWLRQSURFHGXUHVVLPLODUWR6FKRHQLQJHUHWDOZHUHIROORZHG$IWHU
FOHDQLQJERQHVZHUHGHPLQHUDOL]HGXWLOL]LQJ0K\GURFKORULFDFLG+&ORYHUDFRXUVHRIDFRXSOH
ZHHNVDWURRPWHPSHUDWXUH7KHK\GURFKORULFDFLGZDVFKDQJHGHYHU\WZRGD\VXQWLOWKHERQHV
FRPSOHWHO\GHPLQHUDOL]HGWXUQLQJLQWRDWUDQVSDUHQWDQGVRIWFROODJHQEORFN2QFHWKHERQHKDG
GHPLQHUDOL]HGKXPLFDFLGVZHUHUHPRYHGE\VRDNLQJLQ0VRGLXPK\GUR[LGH1D2+$IWHUWKLV
SRLQWWKHFROODJHQZDVVROXELOL]HGXWLOL]LQJS++&OLQ7HIORQEHDNHUVIUR]HQDQGIUHH]HGULHG&ROODJHQ
\LHOGVZHUHGHWHUPLQHGEDVHGRQWKHGLIIHUHQFHVEHWZHHQWKHRULJLQDOZHLJKWRIWKHERQHEHIRUH
GHPLQHUDOL]DWLRQDQGWKHHQGZHLJKWRIWKHFROODJHQSRVWIUHH]HGU\LQJ
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 $QDO\VHVRIFROODJHQZHUHSHUIRUPHGRQD7KHUPRILQQLJDQ'HOWD;33OXV&RQIORZDQG&RVWHFK
($0DVV6SHFWURPHWHUDWWKH6,2VWDEOHLVRWRSHDQDO\WLFDOIDFLOLW\WKURXJKDGRXEOHFRQWLQXRXVIORZ&)
,506FRPEXVWLRQ3HHGHHEHOHPQLWH3'%PDULQHOLPHVWRQHVWDQGDUGIRUFDUERQDQGDWPRVSKHULF1
$,5VWDQGDUGIRUQLWURJHQZHUHXWLOL]HGIRUGDWDFRUUHFWLRQ:HLJKWEDVHG&1UDWLRVIRUWKHFROODJHQ
VDPSOHVZHUHGHWHUPLQHGXWLOL]LQJ/(&2HOHPHQWDODQDO\]HUVIRUFDUERQDQGQLWURJHQWKHVHUHVXOWVKDYH
DSUHFLVLRQRI
Diagenesis 
 ,QRUJDQLFDQGRUJDQLFFRPSRQHQWVRIWKHERQHUHDFWGLIIHUHQWO\WRWKHSK\VLFDODQGELRORJLFDO
SURFHVVHVRIWKHEXULDOHQYLURQPHQWDQGPXVWEHDVVHVVHGXWLOL]LQJVHSDUDWHPHWKRGRORJLHV6FKRHQLQJHU
HWDO'HJUHHRIGLDJHQHVLVDPRQJDSDWLWHGDWDLVDVVHVVHGYLDWZRYDOXHVFDOFXODWHGIURPWKH
)RXULHUWUDQVIRUPLQIUDUHGVSHFWURPHWU\)7,5&3UDWLRVDQG,QIUDUHG6SOLWWLQJ)DFWRU,56)QXPEHUV
1LHOVHQ0DUVKHWDO6PLWKHWDO:HLQHUDQG%DU<RVHI:ULJKWDQG6FKZDUF]
,56)ZDVGHILQHGDV>KWKW@KWZKHUH;KWLVKHLJKWDW;ZDYHQXPEHUV*DUYLH/RNHWDO
7KHFDUERQDWHFRQWHQWPHDVXUHGE\WKH&3UDWLRZDVFDOFXODWHGDVKWKWDUDWLR
VKRZQWRKDYHDJRRGOLQHDUUHODWLRQVKLSZLWKRYHUDOOFDUERQDWHFRQWHQWDVPHDVXUHGE\RWKHUPHDQV
*DUYLH/RNHWDO7KLVPHWKRGRIIHUVWKHDGYDQWDJHRIEHLQJDEOHWRH[DPLQH&2FRQWHQW
DQGGHJUHHRIIOXRULQHVXEVWLWXWLRQLQDGGLWLRQWRWKHFU\VWDOOLQLW\WKDWLVOHVVH[SHQVLYHWKDQXWLOL]LQJ;5'
7REHDEOHWRFRQILGHQWO\UHO\RQDSDWLWHLVRWRSHUDWLRVPLQHUDOLQWHJULW\PXVWEHVFUXWLQL]HGIRUHDFKERQH
VDPSOH,QFDVHVZKHUHPLQHUDOGLDJHQHVLVLVDSSDUHQWVXFKVDPSOHVPXVWQRWEHXVHGIRUGLHWDU\
UHFRQVWUXFWLRQDVDUJXHGE\:ULJKWDQG6FKZDUF]
$QDO\VLVRIDUFKDHRORJLFDODQGPRGHUQERQHFROOHFWLRQVKDYHGHILQHG,56)VSOLWWLQJIDFWRUVRI
PRVWDUFKDHRORJLFDOERQHWRUDQJHEHWZHHQZKLOHYDOXHVDERYHVLJQLI\H[WUHPHO\GHJUDGHGRU
EXUQWERQHDQGYDOXHVUHDFKLQJLQGLFDWHKLJKO\IRVVLOL]HGERQH6PLWKHWDO:HLQHUDQG%DU
<RVHI7KHPLQHUDOFDUERQDWHSKRVSKDWHYDOXH&3UDWLRLQPRGHUQERQHDYHUDJHVDURXQG

17KHVHYDOXHVZHUHEDVHGRQ)7,5.%UPHWKRGVZKLOHWKHSUHVHQWVWXG\XWLOL]HG)7,5$75DSSURDFK$UHFHQW
VWXG\GHPRQVWUDWHG)7,5$75PHWKRGVWHQGWRDYHUDJHKLJKHULQ,56)VSOLWWLQJIDFWRUZKLOHWKHUHLVQRWPXFK
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7DEOH&DUERQDWHDQGFROODJHQVDPSOHVXVHGDQGGURSSHGEDVHGRQGLDJHQHVLVUHVXOWV
Bone-
Used
Bone- 
Dropped Teeth Total Used Dropped Total
(QW    27   20
(QW    28   11
(QW    20   4
(QW    61   36
2)    6   4
7RWDO    142   75
&DUERQDWH &ROODJHQ

ZKLOHYDOXHVDVORZDVVLJQLI\WKDWLWKDVWXUQHGLQWRH[WHQVLYHO\GHJUDGHGPLQHUDOV6PLWKHWDO
:ULJKWDQG6FKZDUF]%\WKHWLPH&3UDWLRVUHDFKHVWKHEDVHOLQHOHYHODQGWKHVSOLWWLQJ
IDFWRUQRORQJHUVHHPFRQWUROOHGE\WKHORVVRIFDUERQDWHSDUDOOHOLQJWKHSURFHVVHVWKDWDUHLQGLFDWHGE\
ORZ,56)YDOXHV6PLWKHWDO
%DVHGRQWKLVVWDQGDUGIRUDVVHVVLQJGLDJHQHVLVDOOERQHFDUERQDWHVDPSOHVZHUHDQDO\]HGZLWK
WKH)RXULHU7UDQIRU,QIUDUHGVSHFWURPHWHUZLWKDWWHQXDWHGWRWDOUHIOHFWDQFH$75DWWDFKPHQWDWWKH
8&6''HSDUWPHQWRI&KHPLVWU\DQG%LRFKHPLVWU\/DERUDWRU\WRFDOFXODWH,56)DQG&3UDWLRV6LPLODU
WR*DUYLH/RNHWDOVSHFWUDZHUHFROOHFWHGIURPWRFPWKDWZHUHVFDQQHG
WLPHVZLWKDUHVROXWLRQRIFP6DPSOHVZLWK,56)YDOXHVDERYHDQG&3YDOXHVEHORZQRW
URXQGLQJXSZHUHH[FOXGHGIURPWKHSUHVHQWVWXG\1RQHRIWKH,56)YDOXHVZHUHKLJKHUWKDQIRXUEXW
PDQ\RIWKH&3UDWLRVZHUHYHU\ORZDQGRXWRIERQHDSDWLWHGDWDZHUHGURSSHG7DEOH7KHUH
ZDVDFRUUHODWLRQEHWZHHQ&3UDWLRVDQG,56)YDOXHVRI5 )LJXUHLQGLFDWLQJWKDWWKHVHWZR
YDOXHVFRUUHODWHGWROHYHOVRIGLDJHQHVLVLQERQHDSDWLWHDVGHPRQVWUDWHGE\6PLWK,QFUHGLEO\ORZ
&3UDWLRVVWDUWLQJDWZHUHUHFRUGHGDOWKRXJKPDQ\ZHUHDERYHWKHFXWRIIQXPEHUUDQJLQJDVKLJKDV
7KHPDMRULW\RIWKHVHGURSSHGYDOXHVZHUHIURP(QWLHUURVQ DQGQ OHDYLQJRQO\WZR
ERQHVDPSOHVIURP(QWLHUURDQGQRQHIURP(QWLHUUR$VH[SHFWHGWKHVHWZRFRQWH[WVZHUHE\IDULQ
WKHZRUVWVWDWHRISUHVHUYDWLRQDQGWKHGLDJHQHVLVPDUNHUVFRQILUPWKHLUGHWHULRUDWHGVWDWH

GLIIHUHQFHLQ&3UDWLR6LQFHQRQHRIWKHYDOXHVLQWKHSUHVHQWVWXG\ZHUHDERYHWKLVGLVWLQFWLRQGRHVQRWDIIHFW
WKHVDPSOH
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R²=0.53
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00
C/
P
IRͲSF
Dropped
Used

)LJXUH&RUUHODWLRQRIWZRGLDJHQHWLFPDUNHUVIRUDSDWLDWH&3DQG,56)RIXVHGDQGGURSSHG
VDPSOHV











         
&
3
į&DSDWLWH Å3'%
%XULDO8VHG
%XULDO8VHG
%XULDO8VHG
3362)8VHG
%XULDO'URSSHG
%XULDO'URSSHG
%XULDO'URSSHG
%XULDO'URSSHG

)LJXUH'LVWULEXWLRQRI&3DQGį&DSDWLWHYDOXHVWKDWZHUHXVHGEODFNDQGGURSSHGZKLWH

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$VFDWWHUSORWRIWKH&3UDWLRVDQGWKHį&DSDWLWHYDOXHVGHPRQVWUDWHWKDWWKHYDOXHVZLWKWKHPRVW
QHJDWLYHį&DSDWLWHYDOXHVWHQGWREHVDPSOHVZLWK&3UDWLRVXQGHUZKLFKZHUHGURSSHGIURPWKH
SUHVHQWVWXG\)LJXUH/XFNLO\HQDPHOLVQRWVXEMHFWWRWKHVDPHGHPLQHUDOL]DWLRQDQGGLDJHQHVLV
SURFHVVHVDVERQHHVSHFLDOO\DWDVLWHWKDWFHUWDLQO\GLGQRWXQGHUJRIRVVLOL]DWLRQ7KXVDOOWHHWKVDPSOHV
FDQEHXWLOL]HGLQWKHSUHVHQWVWXG\LQVRPHFDVHVSURYLGLQJWKHRQO\UHOLDEOHGDWDZKHQDOOERQHVDPSOHV
ZHUHGURSSHGGXHWRUHVXOWVRIWKHGLDJHQHVLVWHVW
$VRUJDQLFFRPSRQHQWVRIERQHVDUHKLJKO\VXVFHSWLEOHWRWKHWDSKRQRPLFDOSURFHVVHVRIWKH
EXULDOHQYLURQPHQWLWZDVLPSRUWDQWWRDVVHVVWKHLQWHJULW\RIWKHFROODJHQDQDO\]HGIRUDUFKDHRORJLFDO
ERQH$PEURVH'H1LURDQG:HLQHU6FKRHQLQJHUHWDO7ZROLQHVRIHYLGHQFH
HYDOXDWHGWKHGHJUHHRIERQHFROODJHQSUHVHUYDWLRQFROODJHQ\LHOGDQG&1UDWLRV$VERQHLV
FRPSULVHGRIDERXWFROODJHQDUFKDHRORJLFDOVDPSOHVRIWHQSUHVHUYHDERXWRIWKLV\LHOG,QWKH
SUHVHQWVWXG\DFXWRIIIRUWKHPLQLPXPFROODJHQ\LHOGRIRQHSHUFHQWZDVVHWIROORZLQJFXUUHQWOLWHUDWXUH
$PEURVH6FKZDUF]DQG6FKRHQLQJHU&1UDWLRVFDOFXODWHGDV&1SURYLGH
XVZLWKDQRWKHUDYHQXHWRFRPSDUHWKHFROODJHQSUHVHUYDWLRQLQUHODWLRQWRPRGHUQERQH$V&1UDWLRVRI
PRGHUQERQHVUDQJHEHWZHHQDQG$PEURVH'H1LURDQG:HLQHU6FKRHQLQJHUHWDO
DUFKDHRORJLFDOVDPSOHVZLWK&1UDWLRVWKDWIHOORXWVLGHWKLVUDQJHZHUHH[FOXGHGIURPWKHVWXG\
 &ROODJHQ\LHOGDQG&1UDWLRVZHUHFDOFXODWHGIRUWKHERQHVIURP7HRWLKXDFDQ%DVHGRQWKH
FULWHULDVWDWHGDERYHFROODJHQVDPSOHVRXWRIWRWDOERQHVZHUHGURSSHG7DEOH)RUWKHPRVW
SDUWWKRVHZLWKORZFROODJHQ\LHOGRYHUODSSHGZLWKDEQRUPDO&1UDWLRVDQGWKHODWWHUFULWHULDH[FOXGHG
PRUHQXPEHURIVSHFLPHQVWKDQWKHIRUPHU7KH&1UDWLRVUDQJHGIURPWR6DPSOHVWKDWZHUH
QRWGURSSHGWHQGHGWREHZLWKLQQRUPDOį&FROODJHQYDOXHVEHWZHHQDQGZKLOHGURSSHG
VDPSOHVKDGYDOXHVDVORZDVÅ)LJXUH6LPLODUFDUERQDWHVDPSOHV(QWLHUURVDQGVXIIHUHG
H[WHQVLYHGLDJHQHVLVZKLFKUHVXOWHGLQWKHDEVHQFHRIFROODJHQVDPSOHVIURP(QWLHUURDQGRQO\RQH
VDPSOHIURP(QWLHUUR
6WULFWFULWHULDWRDVVHVVGHJUHHRIGLDJHQHVLVRIFROODJHQDQGDSDWLWHVDPSOHVZHUHQHFHVVDU\DV
PDQ\RIWKHVDPSOHVGURSSHGSURYHGWREHYDOXHVZLWKH[WUHPHFDUERQLVRWRSLFYDOXHVVXJJHVWLQJWKDW
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0.00
5.00
10.00
15.00
20.00
25.00
30.00
Ͳ30 Ͳ25 Ͳ20 Ͳ15 Ͳ10 Ͳ5 0
C/
N
ɷ13Ccollagen‰(PDB)
Usedvalues
Droppedvalues

)LJXUH'LVWULEXWLRQRI&1DQGį&FROODJHQYDOXHVWKDWZHUHXVHGEODFNDQGGURSSHGZKLWH

UHWDLQLQJWKHVHVDPSOHVZRXOGKDYHVLJQLILFDQWO\DOWHUHGGDWDLQWHUSUHWDWLRQ:KLOHPDQ\RIWKHVDPSOHV
GURSSHGIURP(QWLHUURVDQGFRUUHVSRQGHGWRVDPSOHVZLWKYLVXDOFXHVRIEDGSUHVHUYDWLRQVHYHUDO
VDPSOHVWKDWORRNHGIDLUO\ZHOOSUHVHUYHGIRUH[DPSOHIURP(QWLHUURVDQGUHVXOWHGLQYDOXHV
VXJJHVWLQJGLJHQHWLFSURFHVVHVZHUHDIIHFWLQJWKHERQHV6ROHO\YLVXDOLQVSHFWLRQRIWKHERQHLVQRW
HQRXJKDQGLQWKLVFDVHDIXOODQDO\VLVRIGLDJHQHVLVZDVQHFHVVDU\
2QFHVDPSOHVWKDWXQGHUZHQWGLDJHQHVLVZHUHUHPRYHGVHYHUDODGMXVWPHQWVZHUHPDGHLQWKH
GDWDVHW$VPDQ\RIWKHDQLPDOVKDGPRUHWKDQRQHVDPSOHVHOHFWHGXVXDOO\RIWHHWKDQGERQHIRUHDFK
LQGLYLGXDORQHVDPSOHIRUHDFKLQGLYLGXDOZDVVHOHFWHGWRORRNDWRYHUDOOSDWWHUQV%HFDXVHERQHSURYLGHV
ERWKFROODJHQDQGDSDWLWHGDWDDQGPRUHUHDGLO\UHSUHVHQWVWKHGLHWRIWKHDQLPDOWRZDUGVWKHHQGRILWVOLIH
ERQHZDVIDYRUHGRYHUWRRWKLQWKHVHOHFWLRQSURFHVV$V:DULQHUDQG7XURVVKDYHLOOXVWUDWHG
HQDPHODSDWLWHWHQGVWREHHQULFKHGRYHUERQHE\ÅLQFDUERQDQGÅLQR[\JHQYDOXHVWHHWKZHUH

234









          
į
 2
Å
6
02
:

į&DSDWLWH Å3'%
)HOLGFRPSOHWH
)HOLGLQFRPSOHWH
3XPD7HRSDQFD]FR
&'LHW &'LHW
)LJXUH'LVWULEXWLRQRIIHOLGERQHDSDWLWHGDWDRIWKHį2DQGį&DSDWLWHYDOXHVIRUFRPSOHWH
EODFNLQFRPSOHWHZKLWHDQGDSXPDWRRWKIURP7HRSDQFD]FRJUH\VTXDUH0RUDOHV3XHQWHHW
DO7DEOH;,
FRUUHFWHGWRPDWFKERQHVDPSOHV,WLVDWWKLVSRLQWWKDWLQWUDVSHFLHVYDULDWLRQDQGRYHUDOOSDWWHUQVLQ
LVRWRSLFFRPSRVLWLRQZDVH[DPLQHG
)HOLGV
 )HOLGDSDWLWHYDOXHVKDGDELPRGDOGLVWULEXWLRQH[WHQGLQJIURPWRÅ7KLVYDULDWLRQFDQ
EHDWWULEXWHGWRWKHGLIIHUHQFHVEHWZHHQFRPSOHWHYHUVXVLQFRPSOHWHIHOLGV)LJXUH7KHį&DSYDOXHV
RIFRPSOHWHIHOLGVZHUHVLJQLILFDQWO\PRUHHQULFKHGSLQ&DYHUDJLQJÅıZKLOH
LQFRPSOHWHDQLPDOVKDGDPHDQRIÅı7DEOH6RPHLQFRPSOHWHDQLPDOVKDGIDLUO\
HQULFKHGį&DSYDOXHVWKDWVXJJHVWWKDWDORQJVLGHLQFRPSOHWHIHOLGVWKDWZHUHEDVHGRQDGRPLQDQWO\RU

$OOVWDWLVWLFDOVLJQLILFDQFHZDVHYDOXDWHGXWLOL]LQJWKHVWXGHQWWWHVWDVVXPLQJDW\SHWZRWZRWDLOHGQRUPDO
GLVWULEXWLRQ
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7DEOH6XPPDU\RIIHOLGFROODJHQDQGDSDWLWHUHVXOWV
&DS 2DS &FRO 1FRO
Felid Complete (9 apatite, 9 collagen)
$YHUDJH    
6WDQG    
5DQJH WR WR WR WR
Felid Incomplete (20 apatite, 6 collagen)
$YHUDJH    
6WDQG    
5DQJH WR WR WR WR
Comparative other Felids in C3 ecosystems (n=4) 1
3XPD&HQYLURQPHQW  
$YHUDJH  
6WDQG  
5DQJH WR WR
Comparative other Felids in C4 ecosystems (n=3) 1
$YHUDJH  
6WDQG  
5DQJH WR WR
1RWHV'DWDVXPPDULH]HGIURP7DEOH$.HOOH\DQG6FKRHQLQJHUDQG'HQLUR 
HYHQH[FOXVLYHO\&EDVHGGLHWVRPHLQFRUSRUDWHGYDU\LQJGHJUHHVRI&EDVHGUHVRXUFHVLQWRWKHLUGLHW
2QWKHRWKHUKDQGDOOFRPSOHWHIHOLGVKDGYDOXHVWKDWHYLGHQWO\LQFRUSRUDWHG&EDVHGUHVRXUFHVWR
YDU\LQJGHJUHHV
7KHSHUFHQWDJHRI&GLHWDU\LQSXW3&ZDVFDOFXODWHGEDVHGRQWKHIRUPXOD6FKZDUF]
:KLWHDQG6FKZDUF]
3& įįEǻįį
ZKHUHįUHSUHVHQWHGWKHH[SHFWHGLVRWRSLFį&DSYDOXHIRU&SODQWVÅįEHTXDOHGWKHREVHUYHG
į&DSYDOXHǻZDVWKHGLHWDSDWLWHVSDFLQJÅDQGįZDVWKHH[SHFWHGį&DS
YDOXHIRUPDL]HÅ$SSO\LQJWKLVPRGHOWRWKHIHOLGį&DSGLVWULEXWLRQWKH3&UDQJHGIURPD
&EDVHGGLHWWRDVKLJKDVD&EDVHGGLHW
7KHUHZDVQRVWDWLVWLFDOGLIIHUHQFHVDPRQJį2UHVXOWVRIFRPSOHWHDQGLQFRPSOHWHIHOLGVS
DQGDFORVHUORRNDWWKLVYDULDELOLW\ZLOOKDYHWREHFRQGXFWHGLQWKHIXWXUH$VDFRPSDULVRQWKHFDUERQ
DQGR[\JHQLVRWRSLFUDWLRVUHSRUWHGRIDQDUFKDHRORJLFDOSXPDWRRWKIURPWKHVLWHRI7HRSDQFD]FR
236
5ð 








     
į
 1
Å
$
,5

į&FROODJHQÅ3'%
&RPSOHWH)HOLG
,QFRPSOHWH)HOLG
&)HOLGV
&)HOLGV
3XPD7HRSDQFD]FR
&'LHW &'LHW 
)LJXUH'LVWULEXWLRQRIIHOLGERQHFROODJHQGDWDRIWKHį1DQGį&FROODJHQYDOXHVRIFRPSOHWH
EODFNDQGLQFRPSOHWHZKLWHVDPSOHVIURPWKHRIIHULQJVDSXPDIURP7HRSDQFD]FRWULDQJOH
0RUDOHV3XHQWHHWDO7DEOH;,DQGPRGHUQFRPSDUDWLYHVDPSOHVRIIHOLGVLQ&
GLDPRQGDQG&VTXDUHEDVHGKDELWDWV.HOOH\7DEOH$
7HRWLKXDFDQZDVSORWWHG0RUDOHV3XHQWHHWDO7KH7HRSDQFD]FRSXPDį&DSYDOXHÅ
PRUHFORVHO\UHVHPEOHGUHVXOWVREWDLQHGIURPVHFRQGDU\EXULDOVDFFHQWXDWLQJWKDWWKHSULPDU\EXULDOV
IURPWKHGHGLFDWRU\FDFKHVZHUHVLJQLILFDQWO\GLIIHUHQWIURPRWKHUPRUHZLOGIHOLGSRSXODWLRQ
,QWHUHVWLQJO\WKHį2YDOXHRIWKH7HRSDQFD]FRSXPDZDVWKHORZHVWYDOXHÅUHFRUGHGDPRQJWKH
IHOLGSRSXODWLRQ,WZRXOGUHTXLUHH[DPLQLQJLQPRUHGHWDLOWKHR[\JHQLVRWRSHYDULDWLRQZLWKPRUHGDWD
DERXWWKHVXUURXQGLQJZDWHUVRXUFHVLQWKHIXWXUH
7KHFROODJHQVDPSOHVOLNHWKHFDUERQDWHVH[KLELWHGDSDWWHUQEHWZHHQFRPSOHWHDQGLQFRPSOHWH
IHOLGV)LJXUHZKHUHSULPDU\EXULDOVWHQGHGWRKDYHHQULFKHGį&FROYDOXHVDYHUDJLQJÅ

37KHWRRWKVDPSOHRULJLQDOO\UHSRUWHGDVZDVFRUUHFWHGEDVHGRQ:DULQQHUDQG7XURVVWKDWUHSRUWWKDW
HQDPHOį&DSYDOXHVDUHHQULFKHGE\ÅDQGį2YDOXHVE\Å
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ıZKLOHVHFRQGDU\EXULDOVKDGDPHDQRIÅı7DEOH7KLVGLVWULEXWLRQZDV
VLJQLILFDQWO\GLVWLQFWSDOWKRXJKWKHUHZDVDQREYLRXVFOXVWHURISULPDU\EXULDOVZLWKį&FROYDOXHV
WKDWRYHUODSLQUDQJHZLWKWKRVHRIVHFRQGDU\EXULDOV
7KHGLVWULEXWLRQRIWKHFROODJHQLVRWRSLFUDWLRVIURP7HRWLKXDFDQZHUHFRPSDUHGWRZLOGSXPDV
DQGRWKHUIHOLGVUHSRUWHGLQWKHOLWHUDWXUH.HOOH\7DEOH$FRPSLOHGDOLVWRI
SXEOLVKHGį&FRODQGį1FROYDOXHVRIDYLDQDQGPDPPDOLDQVSHFLHVZKLFKLQFOXGHGDSXPDIURP
6RXWKHUQ&DOLIRUQLDZLWKį&FROYDOXHRIÅRU±ÅDIWHUDGMXVWPHQWGXHWRLQGXVWULDOHIIHFWDOO
RWKHUPRGHUQYDOXHVDUHUHSRUWHGSRVWFRUUHFWLRQDQGį1FRORIÅ6FKRHQLQJHUDQG'H1LUR
7DEOH7KLVYDOXHLVZLWKLQH[SHFWHGUDQJHFRPSDUHGWRRWKHUIHOLGVLQKDELWLQJPDLQO\&EDVHG
HFRV\VWHPVUHSRUWHGIURPRWKHUVWXGLHVOLNHWKHEREFDWÅį&FROÅį1FROWKHO\Q[Å
į&FROÅį1FRODQGWKHWLJHUÅį&FROÅį1FRO.HOO\7DEOH$WKDWFRQWDLQHG
į&FROODJHQYDOXHVLQFOXGLQJWKHPRGHUQSXPDUDQJLQJIURPWRÅZLWKDPHDQRIÅ
ZKLOHWKHLUį1YDOXHVZHUHEHWZHHQDQGÅZLWKDQDYHUDJHRIÅ.HOO\7DEOH$
7DEOH,QFRPSDULVRQIHOLGVIURP&EDVHGYHJHWDWLRQ]RQHVOLNHWKHOHRSDUGÅį&FROÅ
į1FROWKHOLRQÅį&FROÅį1FRODQGWKHFKHHWDKÅį&FROÅį1FRO.HOO\
7DEOH$H[KLELWHGį&FROODJHQYDOXHVUDQJLQJIURPWRÅDQGį1YDOXHVRIWRÅ
.HOO\7DEOH$7DEOH7KH7HRWLKXDFDQIHOLGVZKLFKLQFOXGHGSXPDVDQGMDJXDUVLQFOXGHG
į&FROODJHQYDOXHVUDQJLQJIURPWRÅDQGį1YDOXHVUDQJLQJIURPWRÅ,QFUHGLEO\WKLV
GLVWULEXWLRQFRYHUVWKHYDULDWLRQH[SUHVVHGE\PRGHUQIHOLGVLQKDELWLQJERWK&DQG&EDVHGKDELWDWV
 ,QSXWWLQJWKHLVRWRSLFDYHUDJHVRIIHOLGVZLWK&DQG&EDVHGGLHWVDQGWKHLUUHVSHFWLYHHUURUEDUV
ıWKHUHLVDFOHDUSDWWHUQLQJDPRQJWKHDUFKDHRORJLFDOIHOLGVDPSOHV7KUHHFRPSOHWHIHOLGVZHUH
RXWOLHUVPRUHFORVHO\GLVWULEXWHGZLWKLQWKHUDQJHRIWKHIHOLGVOLYLQJLQPRUH&EDVHGKDELWDWV)LJXUH
,QFRPSDULVRQWKHVHFRQGDU\DQGRWKHUSULPDU\IHOLGVWHQGHGWREHGLVWULEXWHGZLWKLQWKHUDQJHRI&

7KH,QGXVWULDO(IIHFWLVFDXVHGE\WKHGLIIHUHQFHVLQDWPRVSKHULF&2LQPRGHUQYHUVXVSUHLQGXVWULDOSHULRGVGXH
WRWKHEXUQLQJRIIRVVLOIXHOV7KXVDOOPRGHUQVDPSOHVFRPSDUHGWRDUFKDHRORJLFDOPDWHULDOVQHHGWREHDGMXVWHG
SRVLWLYHO\E\Å$OOPRGHUQVDPSOHVFRPSDUHGLQWKLVVWXG\KDYHEHHQDGMXVWHGDFFRUGLQJO\LQWKHWDEOHVDQG
ILJXUHV
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EDVHGKDELWDW]RQHV3ORWWLQJDSXPDIURP7HRSDQFD]FRUHSRUWHGE\0RUDOHV3XHQWHHWDO7DEOH
;,WKHLUį&FROODJHQYDOXHÅDQGį2YDOXHÅDOLJQPRUHFORVHO\ZLWKWKH&EDVHGKDELWDW
DQGWKHPDMRULW\RIWKHSXPDV
 7KHWKUHHIHOLGVWKDWKDYHXQQDWXUDOO\KLJK&EDVHGGLHWVZHUH(OHPHQWRVDQG
$VGLVFXVVHGLQ&KDSWHUWKHVHWKUHHLQGLYLGXDOVFRUUHVSRQGWRRQHRIWKHSXPDVWKDWZDVIRXQGFDJHGLQ
(QWLHUURDSXPDZLWKSDWKRORJLHVRQLWVIHPXUSHOYLVDQGFUDQLXPDQGDQRWKHUFRPSOHWHSXPDZLWK
IXVHGOHIWXSSHUOLPEUHVSHFWLYHO\DOORIWKHVHLQGLYLGXDOVZHUHDOUHDG\VXVSHFWHGWREHDQLPDOVNHSWLQ
FDSWLYLW\EDVHGRQWKH]RRDUFKDHRORJLFDOLQGLFDWRUV7KHLVRWRSLFGDWDDGGVDQRWKHUOLQHRIHYLGHQFHWR
VXSSRUWWKHK\SRWKHVLVWKDWVRPHRIWKHDQLPDOVIURPWKHVHRIIHULQJVZHUHNHSWLQFDSWLYLW\
 7KHVLJQLILFDQWYDULDWLRQREVHUYHGRQWKHį1LVKDUGHUWRLQWHUSUHW,QJHQHUDOWKHUHVHHPVWREH
WZRWURSKLFOHYHOVGLVWULEXWHGZLWKLQWKHSRSXODWLRQDQGDJUDGDWLRQLQGHJUHHRIRPQLYRU\+RZHYHUWKLV
JURXSLQJGRHVQRWFRUUHVSRQGWRDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHį1YDOXHVRISULPDU\DQG
VHFRQGDU\GHSRVLWVS6RPHRIWKHį1YDOXHVDUHWKHKLJKHVWUDQJHVREVHUYHGWKXVIDUXSWR
ÅZKLOHRWKHUVUDQJHZLWKLQYHU\ORZOHYHOVIRUWKLVVSHFLDOL]HGFDUQLYRUHÅ$WWKLVSRLQWDOO
WKDWFDQEHVDLGLVWKDWLWLVSUREDEO\QRWDFRLQFLGHQFHWKDWWKHWZRLQGLYLGXDOVZLWK]RRDUFKDHRORJLFDO
VLJQDWXUHRISDWKRORJLHVKDSSHQVWRDOVREHWKHLQGLYLGXDOVZLWKWKHPRVWHQULFKHGį1YDOXHV
&DQLGV
 7KHSDWWHUQLQJIRUFDQLGVZDVQRWDVFOHDUDVWKHIHOLGVSUREDEO\GXHWRWKHVPDOOHUVDPSOHVL]HRI
FRPSOHWHLQGLYLGXDOVQ 7KHPDMRULW\RIWKHFDQLGį&DSDWLWHGDWDFRQFHQWUDWHGEHWZHHQDQGÅ
ZKLOHWZRRXWOLHUVUDQJHGEHWZHHQDQGÅ)LJXUH7KH3&RIWKHVHWZRRXWOLHUVUDQJH
EHWZHHQDQGVXJJHVWLQJYHU\KLJKOHYHOVRI&SODQWLQWDNH8QOLNHIHOLGVWKHVHWZRJURXSLQJV
GRQRWQHFHVVDU\FRUUHVSRQGWRFRPSOHWHYHUVXVLQFRPSOHWHDQLPDOV,QIDFWWKHWZRRXWOLHUVWKDWVHHPHG
WRKDYHH[FHHGLQJO\KLJKOHYHOVRI&GLHWDU\LQSXWZHUHFRPSRVHGRIRQHSULPDU\EXULDOIURP(QWLHUUR
(OHPHQWRDQGDSUHSDUHGZROIKHDGIRXQGLQ2IUHQGD(OHPHQWR7KHRWKHUWZRFRPSOHWH
LQGLYLGXDOV(OHPHQWRIURP(QWLHUURDQG(OHPHQWRIURP(QWLHUURKDGį&DSDWLWHYDOXHV
WKDWOLNHDOOWKHRWKHUFDQLGGDWDVXJJHVWUHODWLYHO\KLJKUHOLDQFHRQ&EDVHGGLHW,QIDFWVRPHRIWKH
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į&DSDWLWH Å3'%
&DQLGFRPSOHWH
&DQLGLQFRPSOHWH
7HRSDQFD]FR'RJ
&'LHW &'LHW 
)LJXUH'LVWULEXWLRQRIFDQLGERQHDSDWLWHGDWDRIWKHį2DQGį&DSDWLWHYDOXHVIRUFRPSOHWH
EODFNLQFRPSOHWHZKLWHDQGDGRJWRRWKIURP7HRSDQFD]FRJUH\VTXDUH0RUDOHV3XHQWHHWDO
7DEOH;,

ORZHVWYDOXHVVXJJHVWUHOLDQFHRQ&IRRGV7ZRDUFKDHRORJLFDOVDPSOHVRIGRJVIURPWKH
7HRSDQFD]FRDSDUWPHQWFRPSRXQG0RUDOHV3XHQWHHWDO7DEOH;,ZHUHSORWWHGLQWRWKLVJUDSK
DVDFRPSDULVRQ'RJVRIWHQUHIOHFWKXPDQGLHWVDVWKH\VFDYHQJHKXPDQIRRGWKXVWKH\KDYHH[SHFWHGO\
KLJK&PDL]HLQSXWZLWKį&DSDWLWHYDOXHRIDQGÅ7KHVHYDOXHVZHUHIDLUO\FORVHWRWKRVH
REVHUYHGDPRQJWKHWZRRXWOLHUVPHQWLRQHGDERYH7KLVDJDLQGHPRQVWUDWHVWKDWDWOHDVWWZRRIWKH
ZROYHVIURPWKLVVDPSOHZHUHFRQVXPLQJH[FHHGLQJO\KLJK&EDVHGGLHWVLPLODUWRGRJV
 į2UDWLRVZHUHIDLUO\FRQVLVWHQWWKHPDMRULW\UDQJLQJEHWZHHQDQGÅZLWKWKHH[FHSWLRQ
RIRQHRXWOLHUZKRVHį2ZDVÅ(YHQWKHWZRLQGLYLGXDOVZLWKHQULFKHGį&DSDWLWHYDOXHVKDGVLPLODU
į2UDQJHVVXJJHVWLQJDIDLUO\KRPRJHQRXVORFDOJURXS

:LWKWRRWKFRUUHFWLRQVHHIRRWQRWH
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į&FROODJHQ Å3'%
&RPSOHWH&DQLG
,QFRPSOHWHFDQLG
0RGHUQ:ROI
7HRSDQFD]FR'RJ
&'LHW &'LHW 
)LJXUH'LVWULEXWLRQRIFDQLGERQHFROODJHQGDWDRIWKHį1DQGį&FROODJHQYDOXHVRIFRPSOHWH
EODFNDQGLQFRPSOHWHZKLWHVDPSOHVIURPWKHRIIHULQJVDGRJIURP7HRSDQFD]FRWULDQJOH
0RUDOHV3XHQWHHWDO7DEOH;,DQGDPRGHUQFRPSDUDWLYHVDPSOHRIDZROIIURPD&
EDVHGKDELWDWVTXDUH.HOOH\7DEOH$

7KHį&FROODJHQGLVWULEXWLRQDPRQJWKHFDQLGVUDQJHGTXLWHH[WHQVLYHO\IURPWRÅZKLOH
WKHUHZDVDQHTXDOO\KLJKYDULDELOLW\LQWKHį1GLVWULEXWLRQUDQJLQJIURPWRÅ)LJXUH7KHUH
ZDVQRSDWWHUQEHWZHHQSULPDU\DQGVHFRQGDU\EXULDOV$VLQGLFDWHGGXULQJWKHGLVFXVVLRQRIWKH
GLDJHQHVLVWHVWVWKHFROODJHQVDPSOHVLQSDUWLFXODUZHUHVNHZHGWRPDWHULDOVIURP(QWLHUURQ ZLWK
RQO\RQHLQGLYLGXDOIURP(QWLHUURDQG2IUHQGD7KLVPHDQVQRQHRIWKHFROODJHQVDPSOHVIURP
(QWLHUURVDQGKDGVXIILFLHQWSUHVHUYDWLRQWREHLQFOXGHGLQWKHVWXG\&RPSDUHGWRDZLOGZROI
PDQGLEOHIURP$ODVNDWKDWZRXOGKDYHEHHQLQDGRPLQDQWO\&EDVHGHQYLURQPHQWZLWKDį&FROODJHQ
YDOXHRIÅDQGDį1UDWLRRIÅWKHFDQLGUHPDLQVIURP7HRWLKXDFDQDUHPRUHHQULFKHGLQ

3RVWFRUUHFWLRQRILQGXVWULDOHIIHFWVHHIRRWQRWH
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į&FROODJHQ7KHUHZDVDUDQJHRIį&FROODJHQYDOXHVIURPWKHGHGLFDWRU\FDFKHVVRPHWKDWZHUHFRQVXPLQJ
VLPLODU&EDVHGGLHWVZKLOHRWKHUVGHPRQVWUDWHGPRUHKHDY\UHOLDQFHRQ&UHVRXUFHVJLYHQWKHPDMRULW\
RIWKHQDWXUDOYHJHWDWLRQZRXOGKDYHEHHQ&EDVHG)LJXUH7KHį1YDOXHIURP7HRWLKXDFDQZDV
VLPLODUO\YDULHGUDQJLQJIURPDWURSKLFOHYHOORZHUWKDQWKHPRGHUQZROIWRHYHQÅPRUHHQULFKHGLQ
RQHFDVH7KLVGLVWULEXWLRQLQGLFDWHGDUDQJHRIRPQLYRU\DQGFDUQLYRU\SUDFWLFHGLQWKLVVDPSOH
$QRWKHUFRPSDULVRQFDQEHPDGHDPRQJWKHGRJVVDPSOHGIURPWKH7HRSDQFD]FRDSDUWPHQW
FRPSRXQGSUHVHQWLQJYHU\KLJKį&FROODJHQDQGÅDQGį1DQGÅYDOXHV0RUDOHV
3XHQWHHWDO7DEOH;,:KDWLVVXUSULVLQJLVWKDWVRPHRIWKHZROYHVIURPWKHGHGLFDWRU\FDFKH
H[KLELWORZHUį1YDOXHVWKDQWKHDUFKDHRORJLFDOGRJVIURP7HRSDQFD]FRSDUWLFXODUO\WKRVHZLWKPRUH
QHJDWLYHį&FROODJHQYDOXHVWHQGHGWRKDYHPXFKORZHUį1UDWLRVWKDQWKHGRJV,QIDFWWKHUHZDVDQ
DSSDUHQWSRVLWLYHFRUUHODWLRQEHWZHHQWKHį&FROODJHQDQGį1UDWLR5 ZLWKLQFUHDVLQJWURSKLFOHYHO
DQGWKXVPHDWFRQVXPSWLRQWKHUHZDVDOVRDQLQFUHDVLQJO\PL[HG&EDVHGVRXUFHLQWRWKHGLHW3DUWRI
WKLVSDWWHUQLQJFDQEHH[SODLQHGE\WKHWURSKLFOHYHOHIIHFWDOWKRXJKPRUHPLQLPDOYDULDWLRQWKDQDPRQJ
į1UDWLRVWKDWZRXOGKDYHHQULFKHGį&FROODJHQUDWLRVÅZLWKHDFKWURSKLFOHYHO+RZHYHUVXFKDWLJKW
FRUUHODWLRQZLWKVXFKDVWHHSVORSHVXJJHVWVWKDWWKHSURWHLQVRXUFHLWVHOIFRXOGKDYHEHHQ&EDVHGDOVR
DFFHQWXDWLQJWKLVSDWWHUQ
(DJOHV
 7KHHDJOH¶Vį&DSDWLWHFRQWDLQHGWKHORZHVWVWDQGDUGGHYLDWLRQFRQFHQWUDWHGDURXQGWKHPHDQ
RIÅ7KLVVXJJHVWVDUHODWLYHO\KRPRJHQHRXVSRSXODWLRQRIIDLUO\HQULFKHGį&DSDWLWHYDOXHVWKDW
UDQJHGEHWZHHQDQGÅ)LJXUH7KH3&RIWKLVDVVHPEODJHWKHQYDULHGEHWZHHQWR
VXJJHVWLQJWKDWDOOHDJOHVHYHQWKRVHZLWKPRVWQHJDWLYHį&DSDWLWHYDOXHVFRQVXPHGQHDUO\KDOI&EDVHG
GLHWV6HFRQGDU\GHSRVLWVRIHDJOHVFRXOGQRWEHGLVWLQJXLVKHGIURPSULPDU\EXULDOVSUREDEO\EHFDXVH
ERWKVDFULILFHGDQGSUHSDUHGHDJOHVZHUHGUDZQIURPWKHVDPHPDQDJHGSRSXODWLRQWKDWFRQVXPHG&
EDVHGGLHWVWRGLIIHULQJGHJUHHV
,QFRQWUDVWWRWKHUHODWLYHO\KRPRJHQRXVį&DSDWLWHYDOXHVWKHLUį2YDOXHVZHUHWKHPRVWYDULDEOH
ıZKLFKPD\UHIOHFWWKHLUH[WHQGHGKRPHUDQJHV&RXOGWKLVEHDUHVXOWRIGLIIHUHQFHVLQZDWHU
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į&DSDWLWH Å3'%
(DJOHFRPSOHWH
(DJOHLQFRPSOHWH
&'LHW &'LHW 
)LJXUH'LVWULEXWLRQRIHDJOHERQHDSDWLWHGDWDRIWKHį2DQGį&DSDWLWHYDOXHVIRUFRPSOHWH
EODFNDQGLQFRPSOHWHZKLWHVDPSOHVIURPRIIHULQJFRQWH[WV
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į&FROODJHQ Å3'%
(DJOHSULPDU\
(DJOHVHFRQGDU\
0RGHUQKDZN
&'LHW &'LHW 
)LJXUH'LVWULEXWLRQRIHDJOHERQHFROODJHQį1DQGį&FROODJHQYDOXHVRIFRPSOHWHEODFNDQG
LQFRPSOHWHZKLWHVDPSOHVIURPWKHRIIHULQJVDQGDPRGHUQFRPSDUDWLYHVDPSOHRIDKDZNIURPD
&EDVHGKDELWDWVTXDUH.HOOH\7DEOH$
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VRXUFHVEHWZHHQFDSWLYHDQGZLOGHDJOHV"(DJOHVKDYHRQO\EHHQVSRWWHGWRGULQNZDWHUGLUHFWO\LQFDSWLYH
KDELWDWV:DWVRQWKDWFRXOGKDYHDGGHGWRWKLVYDULDWLRQ0RUHGDWDRQWKHYDULDWLRQRIORFDOZDWHU
VRXUFHVLQWKLVDUHDLVQHFHVVDU\WRLQWHUSUHWWKHVHUHVXOWV7KHFROODJHQUHVXOWVIURPHDJOHVDYHUDJHG
ÅıIRUį&FROODJHQDQGıIRUį1)LJXUH/LNHWKHDSDWLWHGDWDVHWERWKWKH
į&FROODJHQDQGį1YDOXHVKDGQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQSULPDU\DQGVHFRQGDU\EXULDOV
8QIRUWXQDWHO\WKHUHZHUHQRJRRGFRPSDUDWLYHPDWHULDOVDYDLODEOHIRUHDJOHSRSXODWLRQVWKDWFDQKHOS
GLVWLQJXLVKWKH7HRWLKXDFDQVDPSOHIURPD³ZLOG´VLJQDWXUH2QO\DPRGHUQURXJKOHJJHGKDZNButeo 
lagopusIURP6RXWKHUQ&DOLIRUQLDWKDWFRQVXPHV&EDVHGWURSKLFFKDLQKDVEHHQFLWHGLQWKHOLWHUDWXUH
ZLWKYDOXHVRIį&FROODJHQRIÅDQGį1RIÅ6FKRHQLQJHUDQG'H1LUR7KHKDZNYDOXH
SORWWHGLQ)LJXUHRYHUODSVZLWKVRPHRIWKHORZHUUDQJHVLQWKHį&FROODJHQDQGį1YDOXHVEXWWKH
UDQJHH[KLELWHGE\WKHHDJOHVDUHPXFKPRUHYDULDEOHDQGDPRUHUREXVWFRPSDUDWLYHVDPSOHZRXOGEH
QHFHVVDU\WRH[SODLQWKLVYDULDWLRQ
/LNHWKHFDQLGVDPSOHVWKHUHZDVDSRVLWLYHFRUUHODWLRQEHWZHHQWKHį&FROODJHQDQGį1
GLVWULEXWLRQ5 8QOLNHWKHIHOLGVWKHHDJOHSRSXODWLRQFRXOGQRWEHGLVWLQJXLVKHGLVRWRSLFDOO\
EHWZHHQSULPDU\DQGVHFRQGDU\GHSRVLWV7KLVLVLQDFFRUGDQFHWRWKH]RRDUFKDHRORJLFDOGDWDVHWWKDWDOVR
GHPRQVWUDWHGWKDWVHFRQGDU\GHSRVLWVRIHDJOHVDOVRFRQWDLQHGSDWKRORJLFDOLQGLFDWRUVRIFRQILQHPHQW
GHVSLWHREYLRXVPDUNHUVWKDWWKHDQLPDOZDVGHSRVLWHGDVDSUHSDUHGHDJOHFDGDYHU(WKQRJUDSKLFDQG
RWKHUDUFKDHRORJLFDOFRUUHODWHVVXJJHVWWKLVLVSUREDEO\EHFDXVHHDJOHWVZHUHFDSWXUHGIURPWKHLUQHVWV
ZKLOHVWLOOIOHGJLQJEHLQJNHSWLQFDSWLYLW\PRVWRIWKHLUOLYHV6HH&KDSWHU7KLVPRVWOLNHO\
GHPRQVWUDWHVWKDWHDJOHVSULPDU\DQGVHFRQGDU\ZHUHGUDZQIURPWKHVDPHSRSXODWLRQRIPDQDJHG
UDSWRUVNHSWZLWKLQFLW\FRQILQHVZLWKYDU\LQJGXUDWLRQRIWKHLUUHVLGHQF\
/HSRULGDH 
 $OORIWKHOHSRULGPDWHULDOVDQDO\]HGLQWKLVFROOHFWLRQZHUHIURPWKHVWRPDFKFRQWHQWVRI
VDFULILFHGFDUQLYRUHV7KHLUDSDWLWHGLVWULEXWLRQRYHUODSSHGPRVWFORVHO\ZLWKWKHHDJOH
SRSXODWLRQWKHį&DSDWLWHYDOXHDYHUDJHGÅıDQGWKHLUį2UDWLRDYHUDJHGÅı
)LJXUH7KHį&DSDWLWHGLVWULEXWLRQUDQJHGIURPÅWRÅFRUUHVSRQGWR3&YDOXHVUDQJHG
244










      
į
 2
Å
6
02
:

į&DSDWLWH Å3'%
/HSRULGDH
7HRSDQFD]FR/HSRULGDH
&'LHW &'LHW 
)LJXUH/HSRULGDHERQHDSDWLWHį2DQGį&DSDWLWHYDOXHVIURPRIIHULQJVFLUFOHDQGWKH
7HRSDQFD]FRDSDUWPHQWFRPSRXQGVTXDUH0RUDOHV3XHQWHHWDO7DEOH;,
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į&FROODJHQÅ3'%
/HSRULGDH
7HRSDQFD]FR/HSRULGDH
&'LHW &'LHW 
)LJXUH/HSRULGERQHFROODJHQį1DQGį&FROODJHQYDOXHVIURPRIIHULQJVFLUFOHDQGWKH
7HRSDQFD]FRDSDUWPHQWFRPSRXQG0RUDOHV3XHQWHHWDO7DEOH;,
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IURPWRDVKLJKDVWKHKLJKHVW&EDVHGGLHWUHFRUGHGWKXVIDU7KLVHQULFKHGYDOXH
FRUUHVSRQGHGWRDUDEELWIURP2IUHQGD(OHPHQWR
&RPSDULQJWKLVDVVHPEODJHWRWZROHSRULGWHHWKIURPWKH7HRSDQFD]FRDSDUWPHQWFRPSRXQG
0RUDOHV3XHQWHHWDO7DEOH;,WKHOHSRULGVIURPRIIHULQJFRQWH[WVZHUH
PXFKPRUHHQULFKHGS7KHVHWZRUDEELWVZLWKį&DSDWLWHYDOXHVRIDQGÅZRXOGKDYH
FRQWDLQHGDQG3&UHVSHFWLYHO\$VUDEELWVFRXOGHDVLO\EHIRUDJLQJDORQJWKHHGJHVRIPLOSDV
DVV\QDQWKURSLVWVWKHUHPD\EHYDU\LQJGHJUHHVRI&SODQWVLQWRDOHSRULG¶VGLHW+RZHYHUHOHYDWHG
SHUFHQWDJHVUHDFKLQJXSWRVKRZVDPXFKKHDYLHUUHOLDQFHRQWKLVVWDSOHWKDWZRXOGQRWRFFXULQD
QDWXUDOHQYLURQPHQW
7KHFROODJHQYDOXHVIRUWKHOHSRULGVZHUHZLWKLQWKHDYHUDJHUDQJHLQį&FROODJHQYDOXHÅ
ıDQGUHSUHVHQWHGWKHORZHVWYDOXHVLQį1Åı)LJXUH7KHODWWHUZDV
REYLRXVO\EHFDXVHWKHOHSRULGVZHUHRQHWURSKLFOHYHOORZHUWKDQWKHFDUQLYRUHV7KHVHYDOXHVZHUH
FRPSDUHGWRIRXUOHSRULGUHPDLQVIURPWKH7HRSDQFD]FRDSDUWPHQWFRPSRXQG0RUDOHV3XHQWHHWDO
7DEOH;,ZLWKYDOXHVEHWZHHQWRÅį&FROODJHQDQGWRÅį17KHUHZDVD
VWDWLVWLFDOGLIIHUHQFHEHWZHHQWKHį&FROODJHQGLVWULEXWLRQRIWKH7HRSDQFD]FRPDWHULDOVDQGWKRVHIURP
RIIHULQJFRQWH[WVSWKHIRUPHUEHLQJPRUHQHJDWLYHDQGWKXVUHIOHFWLQJDPRUHDFFXUDWHGHSLFWLRQ
RIWKH&YHJHWDWLRQSUHVHQWLQWKH7HRWLKXDFDQYDOOH\
3DWWHUQVLQ+XPDQ$QLPDO,QWHUDFWLRQVWKURXJKWKH,VRWRSLF(YLGHQFH
 7KHSUHOLPLQDU\GDWDVHWH[DPLQHGIRUHDFKVSHFLHVDERYHLVDOUHDG\SURYLGLQJYHU\SRVLWLYH
UHVXOWVFRQILUPLQJVRPHRIWKH]RRDUFKDHRORJLFDOGDWDGLVFXVVHGLQSUHYLRXVFKDSWHUV7KHLVRWRSHUDWLRV
IRUDSDWLWHį&DSDQGį2KDGPDUNHGLQWHUVSHFLHVGLIIHUHQFHV)LJXUHZKLOHWKHFROODJHQGDWD
į&FRODQGį1ZDVQRWDVFOHDUZLWKWKHH[FHSWLRQRIWKHKHUELYRURXVOHSRULGV)LJXUH7KH
GLVWULEXWLRQRIį&DSLQSDUWLFXODUZDVELPRGDOZLWKDJDSVHSDUDWLQJWZRFOXVWHUVWKDWVHHPHGWRGHPDUN
DQLPDOVEDVHGRQD&EDVHGGLHWZLOGDQLPDOVDQGWKRVHZLWKHOHYDWHGį&DSYDOXHVFRUUHVSRQGLQJWRD
PL[GLHWLQFOXGLQJKLJKOHYHOVRI&SODQWVPDQDJHGDQLPDOV7DEOH/HWXVH[DPLQHWKLVVHSDUDWLRQ
IXUWKHUWRORRNDWLQWHUVSHFLHVGLIIHUHQFHV
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į&DSDWLWH Å3'%
)HOLGV
&DQLGV
(DJOHV
/HSRULGDH
&'LHW &'LHW 
)LJXUH%RQHDSDWLWHį2DQGį&DSDWLWHYDOXHVRIDOODQLPDOVIURPRIIHULQJV
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į&FROODJHQ Å3'%
&DQLG
(DJOH
)HOLG
/HSRULG
&'LHW &'LHW 
)LJXUH%RQHFROODJHQį1DQGį&FROODJHQYDOXHVRIDOOWD[DIURPRIIHULQJV
247
7DEOH6XPPDU\RIERQHDSDWLWHDQGFROODJHQYDOXHVIRUHDFKDQLPDO6HH$SSHQGL[+
(OHPHQWR 6SHFLHV %XULDO %RQH 1FRO &FRO &DS 2DS & &DSWLYH"
 Canis lupus 2) &UDQLXP      3RVV
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus? (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis latrans (QW &UDQLXP      8QNZQ
 Canis lupus (QW &UDQLXP      8QNZQ
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW 7RRWK      1R
 Canis lupus? (QW 7LELD      <HV
 Canis lupus (QW 7RRWK      1R
 Canis lupus (QW &UDQLXP      8QNZQ
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos 2) 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      <HV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Aquila chrysaetos (QW 3KDODQJH      3RVV
 Felis sp. (QW 7RRWK      <HV
 Puma concolor (QW )HPXU      <HV 

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7DEOH&RQWLQXHG
(OHPHQWR 6SHFLHV %XULDO %RQH 1FRO &FRO &DS 2DS & &DSWLYH"
 Felis sp. (QW 7RRWK      1R
 Puma concolor (QW 7RRWK      1R
 Puma concolor (QW &UDQLXP      1R
 Puma concolor (QW 7RRWK      1R
 Puma concolor (QW 7RRWK      1R
 Puma concolor (QW 0DQGLEOH      1R
 Panthera onca (QW 7RRWK      1R
 Felis sp. (QW 7RRWK      1R
 Felis sp. (QW 7RRWK      1R
 Puma concolor (QW 7RRWK      1R
 Felis sp. (QW 7RRWK      1R
 Felis sp. (QW 7RRWK      1R
 Felis sp. (QW 7RRWK      1R
 Puma concolor (QW 7RRWK      3RVV
 Puma concolor (QW 07,,      <HV
 Panthera onca (QW &UDQLXP      3RVV
 Puma concolor (QW 7RRWK      1R
 Puma concolor (QW &UDQLXP      <HV
 Felis sp. (QW )DODQJH      3RVV
 Panthera onca (QW &UDQLXP      1R
 Puma concolor (QW 7RRWK      3RVV
 Panthera onca (QW &UDQLXP      3RVV
 Puma concolor (QW $VWUDJDOXV      3RVV
 Puma concolor (QW &UDQLXP      8QNZQ
 Puma concolor 2) &UDQLXP      3RVV
1 Panthera onca (QW 7RRWK      1R
 Sylvilagus sp. 2) 7LELD      <HV
 Leporidae (QW 9HUW      8QNZQ
 Sylvilagus sp. (QW 8OQD      3RVV
 Sylvilagus audobonii (QW 7LELD      <HV
 Sylvilagus audobonii (QW +XPHUXV      <HV
 Sylvilagus sp. (QW 7LELD      3RVV
 Sylvilagus floridanus (QW )HPXU      3RVV
 Sylvilagus audobonii (QW 7RRWK      3RVV 

:LWKLQWKHDSDWLWHGDWDIHOLGVH[KLELWHGWKHODUJHVWDPRXQWRIYDULDWLRQFOHDUO\GHPDUNLQJWZR
JURXSVEDVHGRQį&DSYDOXHVRQHFHQWHUHGRQÅDQGDQRWKHUDURXQGÅ)HOLGDYHUDJHį&DSZDV
ÅıWKDWFRQWDLQHGWKHODUJHVWVWDQGDUGGHYLDWLRQDPRQJDOOWKHDQLPDOVWKDWUHIOHFWVWKH
YDULDELOLW\LQWKHELQRPLDOGLVWULEXWLRQ7DEOH7KHDQLPDOZLWKWKHKLJKHVW&VLJQDWXUHEDVHGRQWKH
į&DSDYHUDJHYDOXHZHUHWKH/HSRULGDHDYHUDJLQJÅıWKHKLJKHVWYDOXHUHDFKLQJXSWR
ÅWKDWFRUUHVSRQGHGWRUHOLDQFHRQ&SODQWV2QWKHRWKHUKDQGFDQLGVH[KLELWHGWKHORZHVW
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7DEOH$SDWLWHDQGFROODJHQDYHUDJHYDOXHVDQGVWDQGDUGGHYLDWLRQVIRUHDFKDQLPDOW\SH
&DS 2DS &FRO 1FRO
$YHUDJH    
6WDQG    
5DQJH WR WR WR WR
$YHUDJH    
6WDQG    
5DQJH WR WR WR WR
$YHUDJH    
6WDQG    
5DQJH WR WR WR WR
$YHUDJH    
6WDQG    
5DQJH WR WR WR WR
Felid (29 apatite, 15 collagen)
Canid (18 apatite, 7 collagen)
Eagle (24 apatite, 24 collagen)
Leporidae (8 apatite, 6 collagen)

DYHUDJHDWÅı7KHį2YDOXHJDWKHUHGIURPWKHDSDWLWHRYHUODSSHGVLJQLILFDQWO\UDQJLQJ
EHWZHHQDQGÅ7KHHDJOHVKDGWKHODUJHVWUDQJHWRÅZKLOHWKHFDQLGVFRQWDLQHGWKH
ORZHVWDYHUDJHDWÅ$QLQWHUVSHFLHVDQDO\VLVRIR[\JHQGDWDLVKLJKO\SUREOHPDWLFDVERG\
SK\VLRORJ\VLJQLILFDQWO\DIIHFWVWKH2LVRWRSLFUDWLR)RUH[DPSOHFDQLGVSDQWWRFRQWUROERG\KHDWWKDW
PD\EHWKHSDUWLDOFDXVHIRUWKHLUORZR[\JHQYDOXHV7KXVWKLVGDWDVHWZLOOEHLQWHUSUHWHGLQPRUHGHWDLOLQ
WKHIXWXUHFRQVXOWLQJLQIRUPDWLRQDERXWWKHERG\SK\VLRORJ\DQGUDQJHLQORFDOZDWHUVRXUFHV
 7KHį&FROYDOXHVRYHUODSSHGVLJQLILFDQWO\EHWZHHQWD[DWKHLUDYHUDJHVUDQJLQJEHWZHHQ
DQGÅ7DEOH$VFDWWHUSORWRIWKHLUGLVWULEXWLRQGHPRQVWUDWHVDFOXVWHUIURPWRÅDQG
IRXURXWOLHUVRQHFDQLGDQGWKUHHIHOLGVZLWKYDOXHVDVKLJKDVÅ,QSDUWLFXODUį1UDWLRVZHUHIDLUO\
FRQVLVWHQWDPRQJWKHFDUQLYRUHVDYHUDJLQJEHWZHHQWRÅDQGWKHKHUELYRURXVOHSRULGVZHUHDQ
H[SHFWHGWURSKLFOHYHOORZHUIURPWKHVHFDUQLYRUHVZLWKDPHDQRIÅı7KHUDQJHRI
YDULDWLRQLQWKHį1YDOXHVVXJJHVWVDVSHFWUXPRIį1YDOXHVRIWKHIRRGVRXUFHPRVWOLNHO\UHIOHFWLQJ
GLIIHUHQWWURSKLFOHYHOV9DULRXVOHYHOVRIFDUQLYRU\DQGRPQLYRU\ZHUHSUREDEO\SUDFWLFHGDPRQJHYHQ
VRPHRIWKHVSHFLDOL]HGFDUQLYRUHVOLNHWKHIHOLGVDQGHDJOHV7KLVZDVH[SHFWHGDPRQJZROYHVWKDW
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į&DSDWLWH Å3'%
&RPSOHWH
,QFRPSOHWH
/HSRULG
&'LHW &'LHW 
)LJXUH%RQHDSDWLWHį2DQGį&DSDWLWHYDOXHVRIDOODQLPDOVIURPRIIHULQJVFRPSDULQJ
FRPSOHWHLQFRPSOHWHDQG/HSRULGVDPSOHV

WROHUDWHKLJKOHYHOVRIRPQLYRU\DVREVHUYHGLQLWVGRPHVWLFDWHGIRUPWKHGRJ+RZHYHULWZDVVXUSULVLQJ
WRILQGFDUQLYRUHUDQJHVWKDWIHOOZLWKLQWKHGLVWULEXWLRQRIRPQLYRURXVVFDYHQJHUVOLNHWKHGRJYDOXHIURP
7HRSDQFD]FRÅDQGHYHQVRPHRIWKHKLJKOHSRULGYDOXHVÅDPRQJVSHFLDOL]HGFDUQLYRUHVVXFK
DVWKHIHOLGVÅORZHVWYDOXHDQGHDJOHVÅORZHVWYDOXH
,VRWRSLFLQWHUVSHFLHVYDULDWLRQFRQILUPVWKHSUHVHQFHRIDKHWHURJHQHRXVGLHWDPRQJWKHDQLPDOV
LQWHUUHGLQWKHRIIHULQJ7KLVLVH[HPSOLILHGPRVWFOHDUO\LQWKHį&DSDWLWHYDOXHVRILQFRPSOHWHYHUVXV
FRPSOHWHVNHOHWRQVZKHUHWKHODWWHUWHQGHGWREHVLJQLILFDQWO\PRUHHQULFKHGS)LJXUH
7KLVSDWWHUQLVHYHQPRUHDFFHQWXDWHGLIZHFRQVLGHUWKHOHSRULGPDWHULDOVDVFRPSOHWHGHVSLWHWKH
LQFRPSOHWHVNHOHWDOUHPDLQVEHFDXVHWKH\ZHUHSUREDEO\FRQVXPHGZKROHEXWRQO\DSRUWLRQRIWKHLU
VNHOHWRQZDVIRXQG
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7KHUHZDVDODUJHFRQFHQWUDWLRQRIFRPSOHWHLQGLYLGXDOVZLWKKLJKO\HQULFKHGį&DSDWLWHYDOXHV
UHDFKLQJXSWRÅZLWKWKHH[FHSWLRQRIWZRRXWOLHUVERWKFDQLGVFRUUHVSRQGLQJWRDQLPDOVWKDW
ZHUHFRQVXPLQJXSWR&SODQWV7KHXQLIRUPLW\DPRQJWKHSULPDU\EXULDOVVXJJHVWVWKDWDQLPDOV
VHOHFWHGIRUVDFULILFHWHQGHGWREHWKRVHWKDWZHUHFRQVXPLQJKLJKOHYHOVRI&SODQWVPRVWOLNHO\DVD
UHVXOWRIFRQILQHPHQW7KLVJRHVKDQGLQKDQGZLWKWKHYLYLGSDWKRORJLFDOLQGLFDWRUVDOUHDG\GLVFXVVHGLQ
&KDSWHUWKDWZDVDUHVXOWRIWKHVDFULILFHGLQGLYLGXDOVEHLQJNHSWLQFRQILQHPHQW
2QWKHRWKHUKDQGWKHYDULDELOLW\REVHUYHGDPRQJWKHVHFRQGDU\GHSRVLWVLVVWULNLQJUDQJHV
H[WHQGLQJIURPDQDEVROXWHUHOLDQFHRQ&GLHWVWRWKRVHZLWKXSWR&EDVHGGLHWVH[FOXGLQJ
OHSRULGVDQGHDJOHV$OWKRXJKWKHPDMRULW\RIWKHVHFRQGDU\GHSRVLWVZHUHEDVHGRQ&GLHWVXJJHVWLQJ
WKHUHZHUHYDULDWLRQVLQWKHGHJUHHRIKXPDQFRQWDFWDQGFRQILQHPHQWDPRQJWKHDQLPDOVSUHSDUHGDV
ULWXDOSDUDSKHUQDOLDWKHPDMRULW\ZHUHSUREDEO\ZHUHIURPDZLOGSRSXODWLRQ$LQ)LJXUHZKLOH
VRPHZHUHRIDQLPDOVNHSWLQFRQILQHPHQWWRYDU\LQJGHJUHHV6LQFHWKHUHZDVDOVRYDULDELOLW\LQWKH
VXUIDFHPRGLILFDWLRQDPRQJVXFKSUHSDUHGHOHPHQWVVRPHH[KLELWLQJREYLRXVPDUNHUVRIEHLQJSUHSDUHG
ZKLOHWKHVNLQZDVVWLOODWWDFKHGWRWKHKHDGZKLOHRWKHUVKDGQRVXFKVXUIDFHIHDWXUHVWKHUHPD\KDYH
EHHQGLIIHUHQWSRLQWVLQZKLFKKXPDQVFDPHLQFRQWDFWZLWKWKHDQLPDOZLOGKXQWHGFDSWXUHGDQLPDOVRU
DVEDUHVNHOHWRQVWKDWZHUHWKHQSURFHVVHG
7KHFROODJHQLVRWRSLFYDOXHVVLPLODUO\KDGDVLJQLILFDQWVHSDUDWLRQZKHQSULPDU\YHUVXV
VHFRQGDU\GHSRVLWVZHUHSORWWHGį&FROODJHQSį1S)LJXUH7KHFRPSOHWHGHSRVLWV
WHQGHGWREHPRUHHQULFKHGLQERWKį&FROODJHQDQGį1LQGLFDWLQJWKDWVDFULILFHGDQLPDOVZHUHFRQVXPLQJ
ERWKPRUH&EDVHGUHVRXUFHVLQLWVGLHWDU\SURWHLQDVZHOODVPRUHPHDWSURWHLQ%LQ)LJXUH
7KLVGLVWLQFWLRQEHWZHHQSULPDU\DQGVHFRQGDU\EXULDOVLVSUREDEO\WKHFDXVHRIWKHFOHDU
VHSDUDWLRQREVHUYHGEHWZHHQ(QWLHUURVDQGZKLFKFRQWDLQHGWKHODUJHVWQXPEHURISULPDU\
EXULDOVDQG(QWLHUURVDQGZKHUHQRRUYHU\IHZSULPDU\EXULDOVZHUHIRXQG)LJXUH(QWLHUURV
DQGKDGWKHORZHVWį&DSDWLWHYDOXHVUDQJLQJIURPWRDYHUDJHıH[FOXGLQJDQ
RXWOLHURIDFRPSOHWHSXPDIURP(QWLHUUR(OHPHQWRZLWKDį&DSDWLWHYDOXHRIÅ7KLV
DYHUDJHVXJJHVWVDFRPSOHWHUHOLDQFHRQ&DPRQJWKHIDXQDIURP(QWLHUURVDQGZLWKWKHH[FHSWLRQRI
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į&FROODJHQÅ3'%
Complete
Incomplete
Leporidae
&'LHW &'LHW 
)LJXUH%RQHFROODJHQį1DQGį&FROODJHQYDOXHVRIDOODQLPDOVIURPRIIHULQJVFRPSDULQJ
FRPSOHWHLQFRPSOHWHDQG/HSRULGVDPSOHV
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į&DSDWLWH Å3'%
(QWLHUUR
(QWLHUUR
(QWLHUUR
(QWLHUUR
2IUHQGD
&'LHW &'LHW 
)LJXUH%RQHDSDWLWHį2DQGį&DSDWLWHYDOXHVRIDOODQLPDOVIURPHDFKRIWKHRIIHULQJV
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WKHSULPDU\SXPDWKDWFRQVXPHG&EDVHGGLHW2QWKHRWKHUKDQGDQLPDOVGHSRVLWHGLQ(QWLHUURV
DQGFRQWDLQHGDYHU\ZLGHGLVWULEXWLRQRIį&DSDWLWHYDOXHVUDQJLQJIURPWRDYHUDJH
ı7KLVFRUUHVSRQGVWRDUDQJHRI&GLHWDU\LQSXWIURPQRQHFRPSOHWH&GLHWWR,QWHUHVWLQJO\
2IUHQGDIDXQDPRUHFORVHO\UHVHPEOHHOHYDWHGį&DSDWLWHYDOXHVRI(QWLHUURVDQG)URPWKHDSSDUHQW
KLJKO\HQULFKHGį&DSDWLWHYDOXHVIURP(QWLHUURVDQG2IUHQGDLWFDQEHDUJXHGWKDWWKHUHZHUH
FKURQRORJLFDOFKDQJHVLQFDUQLYRUHPDQDJHPHQWGXULQJGLIIHUHQWSHULRGVRI7HRWLKXDFDQRFFXSDWLRQ
,QRUGHUWRWHVWWKHK\SRWKHVLVVWDWHGLQWKHEHJLQQLQJRIWKLVFKDSWHUFRQFHUQLQJWKHGXUDWLRQRI
WKHDQLPDO¶VVWD\LQWKHFLW\FRQILQHVDSXPDVNHOHWRQZLWKFOHDULQGLFDWLRQRIEHLQJLQFRQILQHPHQWIURP
ERWK]RRDUKFDHRORJLFDODQGLVRWRSLFHYLGHQFH(OHPHQWRZDVH[DPLQHG%RWKDERQHPHWDWDUVDO,,
DQGDWRRWKPD[LOODU\WKLUGSUHPRODUZHUHVDPSOHGIRULVRWRSLFDQDO\VLV7KHLUį&DSDWLWHYDOXHVZHUH
ÅDQGÅDIWHUWHHWKFRUUHFWLRQUHVSHFWLYHO\WKDWFRUUHVSRQGVWRDQG&GLHWDU\LQSXW
8QIRUWXQDWHO\WRRWKHUXSWLRQVHTXHQFHDUHRQO\SXEOLVKHGIRUSXPDVXSWRHLJKWPRQWKVRIDJH
ZKHQWKHLUSHUPDQHQWLQFLVRUVDQGFDQLQHVDSSHDU&XUULHU&XUULHU%\WZR\HDUVRIDJHWKH
DQLPDO¶VGHQWLWLRQKDVUHDFKHGLWVIXOOVL]HDQGOLWWOHYDULDWLRQLVREVHUYHG*D\DQG%HVW7KHWRRWK
VDPSOHGDSHUPDQHQWXSSHUWKLUGSUHPRODUEHJLQVWRHUXSWDURXQGVL[PRQWKVRIDJHDPRQJPRGHUQO\Q[
&URZH7DEOHDQGEHWZHHQPRQWKVLQOHRSDUGV6WDQGHU7DEOH7KXVWKHSXPD
VDPSOHGPRVWOLNHO\UHIOHFWVLWVGLHWVRPHWLPHEHIRUHWKLVWRRWKHUXSWVDOLWWOHDIWHUHLJKWPRQWKVRIDJH%\
WKLVWLPHLWZDVDOUHDG\VWDUWLQJWRFRQVXPHRYHUKDOI&EDVHGGLHWSUREDEO\HDWLQJUDEELWVZLWKKLJK&
LQSXW:KLOHLWLVWHPSWLQJWRDUJXHWKDWWKHDQLPDOZDVEUHGLQFDSWLYLW\+\SRWKHVLV+LQ)LJXUH
IXUWKHUVDPSOHVRIHYHQHDUOLHUIRUPLQJWHHWKDUHQHFHVVDU\WRGLVWLQJXLVKLIWKHFDUQLYRUHZDVEUHGLQ
FDSWLYLW\RUFDXJKWDVDFXEGXULQJLWVHDUO\LQIDQF\,WGRHVGHPRQVWUDWHWKDWVRPHRIWKHDQLPDOVZHUH
EURXJKWLQWRWKHFLW\FRQILQHVDV\RXQJFXEVFKLFNVWREHUDLVHGWREHFRPHXOWLPDWHVDFULILFLDOYLFWLPV
7KHDERYHDQDO\VLVRIWKHLVRWRSLFFRPSRVLWLRQRIWKHIDXQDXWLOL]HGLQGHGLFDWRU\ULWXDOVSURYLGHG
DQRWKHUOLQHRIHYLGHQFHVWUHQJWKHQLQJWKH]RRDUFKDHRORJLFDOLQGLFDWRUVWKDWUHSRUWHGWKHSUHVHQFHRID
PL[HGSRSXODWLRQRIERWKFDSWLYHDQLPDOVDQGKXQWHGZLOGDQLPDOV$VGHPRQVWUDWHGE\WKHFRPSDUDWLYH
VDPSOHVRIPRGHUQZLOGDQLPDOVDQGDUFKDHRORJLFDOVDPSOHVWKHLVRWRSLFYDULDWLRQIRXQGLQWKHRIIHULQJ
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FDFKHVUHIOHFWERWKDQLPDOVEDVHGRQZLOG&HQYLURQPHQWDQGRWKHUDUFKDHRORJLFDOGDWDRILQGLYLGXDOV
NQRZQWREHFRQILQHGVRPHWLPHVVWDUWLQJDV\RXQJLQFDSWLYLW\RQDPDL]HEDVHGGLHW
7KHGDWDFRQILUPDVLJQLILFDQWGLIIHUHQFHEHWZHHQSULPDU\DQGVHFRQGDU\GHSRVLWVWKDWLQGLFDWH
VDFULILFHGDQLPDOVZHUHRIWHQNHSWLQFDSWLYLW\IHGRQD&EDVHGGLHW,QWHUHVWLQJO\LQFUHDVHG&LQSXW
DOVRFRUUHODWHGZLWKį1HQULFKPHQWVXJJHVWLQJLQFUHDVLQJOHYHOVRIFDUQLYRU\2QWKHRWKHUKDQGORZ
į1YDOXHVZHUHUHFRUGHGDPRQJPDQ\VSHFLDOL]HGFDUQLYRUHVZLWKORZį&FROODJHQYDOXHVVXJJHVWLQJWKDW
LQFUHDVHGOHYHOVRIRPQLYRU\GRQRWQHFHVVDULO\VLJQLI\FDSWLYHEHKDYLRU7KLVSDWWHUQLQJZDVSUHVHQW
DPRQJVHFRQGDU\GHSRVLWVZLWKORZį&FROODJHQYDOXHVWKDWUHIOHFW&EDVHGGLHWVWKDWDOVRFRQWDLQHGYHU\
ORZį1YDOXHVVXJJHVWLQJZLOGSRSXODWLRQVWROHUDWHGYDULDEOHGHJUHHVRIRPQLYRU\2QWKHRWKHUKDQGD
VPDOOSURSRUWLRQRIVHFRQGDU\EXULDOVDOVRH[KLELWHGIDLUO\ODUJHUDQJHVRIHQULFKHGį&DSDWLWHDQG
FROODJHQDQGį1YDOXHV7KLVVXJJHVWVWKDWDPRQJSUHSDUHGIDXQDOSDUDSKHUQDOLDVRPHDQLPDOVWKDW
ZHUHDOVRNHSWLQFRQILQHPHQWZHUHPDQLSXODWHGSRVWPRUWHPWREHXVHGDVRIIHULQJV7KLVZDV
SDUWLFXODUO\WUXHDPRQJSUHSDUHGHDJOHSRSXODWLRQVWKDWFRXOGQRWEHGLVWLQJXLVKHGLVRWRSLFDOO\IURP
SULPDU\GHSRVLWV
$VDFRQWLQXDWLRQRIWKLVVWXG\GLHWDU\PRGHOVZLOOEHJHQHUDWHGXWLOL]LQJERWKDVLPSOHFDUERQ
PRGHO)URHKOHHWDO.HOOQHUDQG6FKRHQLQJHUDQGDPXOWLYDULDWHPRGHO)URHKOHHWDO
WKDWZLOOFRPSXWHWKHGHJUHHRI&&SODQWUHVRXUFHVIURPERWKWRWDOGLHWDQGSURWHLQDVZHOODV
WKHSURWHLQVRXUFHPDULQHWHUUHVWULDOEDVHGRQPHWDDQDO\VHVRIH[SHULPHQWDOGDWD7KLVPRGHOKDVEHHQ
VXFFHVVIXOO\DSSOLHGDPRQJDUFKDHRORJLFDO0D\DKXPDQUHPDLQVWRORRNDWFKDQJHVWKURXJKWLPHLQ0D\D
GLHWDU\SDWWHUVDPRQJVWDWXVJURXSV6RPHUYLOOHHWDO6XFKDPRGHOZRXOGEHXVHIXOLQWKLV
7HRWLKXDFDQFDVHZKHUHWKHUHDUHGLIIHUHQWYDULDEOHVRIGHJUHHRIFDUQLYRU\GLUHFWYHJHWDOFRPSRVLWLRQ
DQGWKHFDUERQVLJQDORIWKHSURWHLQVRXUFHWKDWKDYHDOUHDG\VKRZHGWKH\DUHOLQNHGWRWKLVFOHDUSDWWHUQ
EHWZHHQFRPSOHWHDQGLQFRPSOHWHDQLPDOV
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&KDSWHU
5HFRQVWUXFWLQJ5LWXDO3HUIRUPDQFH6SDWLDO3DWWHUQLQJ
7KLVFKDSWHUIRFXVHVRQRYHUDOOSDWWHUQVZLWKLQDQGEHWZHHQRIIHUWRU\FRQWH[WV6SHFLHVGLYHUVLW\
VSDWLDOSDWWHUQLQJDQGVHDVRQDOLW\DUHGLVFXVVHGIRUHDFKFDFKHWRGHILQHFKURQRORJLFDOWUHQGVLQDQLPDO
XVH,QSDUWLFXODUWKHVLPLODULWLHVEHWZHHQ(QWLHUURVDQGFRQVWUXFWHGLQWKHIRXUWKEXLOGLQJVWDJHRIWKH
0RRQ3\UDPLGDUHFRQVLGHUHG7KLVDVVHPEODJHLVFRQWUDVWHGWR(QWLHUURVDQGWKDWKDGDYHU\GLVWLQFW
IDXQDOGLVWULEXWLRQ0DWHULDOVIURP2IUHQGDRIWKH6XQ3\UDPLGDUHDOVRH[DPLQHGORRNLQJDW
FKURQRORJLFDOSDUDOOHOVDVZHOODVWKHLUGLIIHUHQFHV
6SHFLHVGLYHUVLW\DQGGLVWULEXWLRQSLQSRLQWNH\DFWRUVRIDULWXDOVSHFWDFOH7KH]RRDUFKDHRORJLFDO
LQYHVWLJDWLRQUHVXOWHGLQLGHQWLI\LQJVSHFLHVJHQXVDQGIDPLOLHVRIPDPPDOLDQDYLDQDQG
UHSWLOLDQIDXQDIURPWKHGHGLFDWRU\FDFKHV7DEOH:KLOHWKHUHZHUHYDULDWLRQVLQVSHFLHV
UHSUHVHQWDWLRQVEHWZHHQRIIRUWRU\FRQWH[WVWKHUHZHUHDFRUHVHWRISURPLQHQWDFWRUVWKDWZHUHUHSHDWHGO\
XWLOL]HGLQVWDWHULWXDOVWKDWUHSUHVHQWWKHPRVWSURPLQHQWFDUQLYRUHVRIWKHVN\HDJOHVHDUWKZROYHV
SXPDVDQGMDJXDUVDQGOLPLQDOVSDFHVUDWWOHVQDNHV(YHQZLWKLQWKHVHDFWRUVWKHUHZHUHGLIIHUHQFHVLQ
ERWKWKHVSHFLHVWKDWZHUHPRVWSURPLQHQWO\GLVSOD\HGIURPGLIIHUHQWFRQWH[WVDVZHOODVYDULDWLRQLQ
SUHSDUDWLRQPHWKRGVDQGWKHTXDQWLW\RIHDFKVSHFLHV
6RPHRIIHULQJVIRFXVHGRQGLIIHUHQWVSHFLHVRYHURWKHUV7KHDSSDUHQWHPSKDVLVRQFDQLGUHPDLQV
LQ(QWLHUURLVDJRRGH[DPSOH+HUHSUHSDUHGZROIVNXOOVDQGFODZVQRWRQO\RXWQXPEHUHGDQ\RWKHU
VSHFLHVEXWWKHLUSRVLWLRQLQFORVHDVVRFLDWLRQWRWKHIRXUVDFULILFLDOYLFWLPVUHIHUHQFHGWKHLGHQWLW\RIWKH
KXPDQFDSWLYHV&KDUDFWHUL]LQJWKHGLVWULEXWLRQDQGXVHRIHDFKVSHFLHVEHWZHHQRIIHULQJVDQGZLWKLQD
VSHFLILFFDFKHPDGHLWSRVVLEOHWRUHFUHDWHWKHVHOHFWLRQSURFHVVWKDWGHWHUPLQHGZK\VSHFLILFVSHFLHVZHUH
FKRVHQDQGWKHUHDVRQVWKH\ZHUHGHSRVLWHGLQWKHPDQQHUDQGORFDWLRQREVHUYHG
6SDWLDOSDWWHUQLQJFDQLQIRUPKRZIDXQDZHUHXWLOL]HGWRRULHQWWKHULWXDOVSDFH,QPDQ\FDVHVLW
GHPRQVWUDWHVWKHFDUHLQZKLFKHDFKLQGLYLGXDOZDVGHSRVLWHGLQDVVRFLDWLRQWRRWKHUDUWLIDFWV)RUHDFK
RIIHULQJWKHVSDWLDOOD\RXWRIVSHFLILFVSHFLHVDQGVH[HVDUHH[DPLQHGWRGHWHUPLQHZKDWDWWULEXWHVZHUH
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
LPSRUWDQWRUDYRLGHG7KLVDQDO\VLVH[DPLQHVWKHVHOHFWLRQSURFHVVSLQSRLQWLQJZKDWFKDUDFWHULVWLFVRIWKH
DQLPDOVZHUHPHDQLQJIXORUHVVHQWLDOWRIRXQGLQJNH\V\PEROVIRUWKHULWXDOVSHFWDFOH
6XPPDUL]LQJWKH]RRDUFKDHRORJLFDODQGLVRWRSLFGDWD,KLJKOLJKWRYHUDOOSDWWHUQVLQWKH
GLVWULEXWLRQDQGXVHRIDQLPDOVDFURVVWKHRIIHUWRU\FRQWH[WV,QGLYLGXDOOLIHKLVWRULHVDUHUHFRQVWUXFWHG
ZLWKVXFKGHSWKLQFOXGLQJQRWRQO\WKHWD[DDJHDQGVH[RIWKHDQLPDOEXWDOVRKRZWKHDQLPDOZDV
FDSWXUHGLIWKHDQLPDOKDGGLUHFWO\LQWHUDFWHGZLWKKXPDQVZKDWLWDWHKRZLWGLHGDQGPDQ\RWKHU
WDSKRQRPLFDOGHWDLOV&RPSDULQJWZRH[DPSOHVRIDOLIHKLVWRU\UHFRQVWUXFWLRQRQHSULPDU\DQGDQRWKHU
VHFRQGDU\EXULDODPRGHORIWKHULWXDOL]DWLRQSURFHVVLVSURSRVHGDORQJZLWKWKH]RRDUFKDHRORJLFDODQG
LVRWRSLFFRUUHODWHVWKDWKHOSGHILQHWKHPDWHULDOWUDFHVRIVXFKDFWLRQV,QWKHILQDOVHFWLRQRIWKHFKDSWHU
LQWHUDQGLQWUDRIIHULQJGLIIHUHQFHVLQDQLPDOXVHDUHSURSRVHG
0RRQ3\UDPLG(QWLHUUR
 $VH[SODLQHGLQ&KDSWHU(QWLHUURZDVRQHRIWKHILUVWFKDPEHUVSODFHGLQWKH0RRQ3\UDPLG
GXULQJWKHFRQVWUXFWLRQRI%XLOGLQJDORQJWKHEDVH7KLVRIIHULQJDQG(QWLHUURWRJHWKHUPDUNWKH
HQODUJHPHQWRIWKHPRXQGLQWRDPRQXPHQWDOSODWIRUP&RQVLGHULQJWKHHODERUDWHULWXDOVSHFWDFOHVZKLFK
DFFRPSDQLHGWKLVWUDQVIRUPDWLRQLWLVQRVXUSULVHWKDWWKHVHWZRRIIHULQJVFRQWDLQHGVRPHRIWKHPRVW
GLYHUVHDQGXELTXLWRXV]RRDUFKDHRORJLFDOGDWDVHWV7KHDEXQGDQFHRIIDXQDDQGLWVVSDWLDOOD\RXW
FDUHIXOO\SODFLQJOLYHVDFULILFLDOYLFWLPVDVZHOODVSUHSDUHGDUWLIDFWVLQWKHULWXDOVSDFHGHPRQVWUDWHWKDW
(QWLHUURVDQGSDUWLFXODUO\IRFXVHGRQDQLPDOVDVFHQWUDODFWRUVRIWKHULWXDOVSHFWDFOH
Species Diversity 
(QWLHUURH[KLELWHGRQHRIWKHULFKHVWH[DPSOHVRIVSHFLHVGLYHUVLW\WHQVSHFLHVGLVWULEXWHG
DPRQJHOHYHQJHQHUD7DEOH7KHJROGHQHDJOHAquila chrysaetosZDVWKHPRVWDEXQGDQWVSHFLHV
UHSUHVHQWHGZKHUHQLQHFRPSOHWHLQGLYLGXDOVZHUHIRXQGQHDWO\SODFHGDURXQGWKHRIIHULQJ$YLDQ
GLYHUVLW\ZDVSDUWLFXODUO\QRWLFHDEOHLQWKLVFKDPEHUZKLFKLQFOXGHGRWKHUUDSWRUVVXFKDVWKHJUHDW
KRUQHGRZOBubo virginianusKDZNButeoVSDQGB. jamaicensisFRPPRQUDYHQCorvus coraxDQG
SUDLULHIDOFRQFalco mexicanus7KHVHUDSWRUVZHUHQRWZKROHEXWLQVWHDGUHSUHVHQWHGPDLQO\E\WKHLU
H[WUHPLWLHVVXJJHVWLQJWKH\ZHUHSUREDEO\SUHSDUHGVSHFLPHQV0DQ\RIWKHVHRWKHUUDSWRUVZHUHORFDWHG
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RQWKHHDVWHUQVHFWRURIWKHGHGLFDWRU\FKDPEHUPRVWO\LQWKHYLFLQLW\RIWKHHDJOH(OHPHQWR7KHUH
ZDVDOVRGLYHUVLW\LQVPDOOJDPHIRXQGLQWKHVWRPDFKFRQWHQWDQGRUILOOPDWHULDO+DUHLepusVS
UDEELWSylvilagusVSS. auduboniiDQGS. floridannusDQGURGHQWPeromyscus maniculatusERQHVZHUH
IRXQGERWKLQVHFXUHFRQWH[WVLQWKHLQWHVWLQDOWUDFWRIWKHVDFULILFHGDQLPDORULQWKHILOOPDWUL[
3DUWLFXODUO\VWXQQLQJDPRQJWKHIDXQDODVVHPEODJHIURP(QWLHUURZHUHWKHFDJHGFDUQLYRUHV
LGHQWLILHGE\WKHSRVWKROHVWKDWFRQILQHGWKHEHDVWVZKLFKZHUHGLVFRYHUHGDWWKHQRUWKHUQDQGVRXWKHUQ
VHFWRUVRIWKHFKDPEHU$SXPDPuma concolorLQKDELWHGHDFKRIWKHWZRVXSHULPSRVHGFDJHVZKLOH
DQRWKHUHQFORVXUHKRXVHGDZROICanis lupus baileyi7KHVHFDJHGFDUQLYRUHVSURYLGHVRPHRIWKHPRVW
FRQYLQFLQJHYLGHQFHWKDWWKHIDXQDIURPWKLVRIIHULQJZHUHEXULHGDOLYHDVRQO\OLYHDQLPDOVZRXOGKDYH
QHFHVVLWDWHGFRQILQHPHQWDWWKHWLPHRIGHSRVLWLRQ7KHSUHVHQFHRIFRSUROLWHVIURPWKHVHFDJHGEHDVWV
DGGWRWKLVHYLGHQFH%HVLGHVWKHVHWZRFRPSOHWHSXPDVIRXUIHOLGFUDQLDZHUHGHSRVLWHGLQWKHGHGLFWRU\
FKDPEHURQHRIZKLFKZDVLGHQWLILHGDVDSXPD$OORIWKHVHLQGLYLGXDOVZHUHHLWKHULQIDQWRUMXYHQLOH
PDNLQJWKHVSHFLHVOHYHOLGHQWLILFDWLRQYHU\FKDOOHQJLQJGXHWRWKHODFNRIDFFHVVWR\RXQJFUDQLDIRU
FRPSDULVRQDQGLGHQWLILFDWLRQ
$ORQJZLWKWKHPDPPDOLDQDQGDYLDQUHPDLQVDFRQFHQWUDWLRQRIUHSWLOLDQERQHVZHUHGLVFRYHUHG
DWWKHFHQWHURIWKHRIIHULQJLPPHGLDWHO\WRWKHZHVWRIWKHUDGLDWLQJHFFHQWULFVDURXQGDS\ULWHGLVN
/DERUDWRU\VRUWLQJDQGDQDO\VLVFRQFOXGHGWKDWDWOHDVWVL[UDWWOHVQDNHVCrotalusVSZHUHUHSUHVHQWHGE\
PDQ\YHUWHEUDHULEVDQGVL[SDLUVRIPDQGLEOHV:KLOHWKHUHLVQRZD\WRFRQILUPWKDWWKH\ZHUHFRPSOHWH
LQGLYLGXDOVGXHWRWKHDEXQGDQFHRIDOOERG\SDUWVFHUYLFDOWKRUDFLFDQGFDXGDOYHUWHEUDHULEVDQG
FUDQLDOHOHPHQWVZHDVVXPHPRVWLIQRWDOORIWKHUDWWOHVQDNHZHUHGHSRVLWHGFRPSOHWH'LVWULEXWHGLQD
FRQILQHGDUHDLWLVSRVVLEOHWKDWWKHVHUDWWOHVQDNHVZHUHRULJLQDOO\LQDFRQWDLQHUPDGHRIRUJDQLFPDWHULDO
SHUKDSVDEDJRUEDVNHWWKDWGHWHULRUDWHG7KLVLVKLJKO\OLNHO\FRQVLGHULQJWKHSUHVHQFHRIDZHOO
SUHVHUYHGFLUFXODUEDVNHWIURP(QWLHUURZLWKUDWWOHVQDNHUHPDLQVLQLWVLQWHULRU
Spatial patterning 
7KHVHNH\DFWRUVRULHQWHGWKHULWXDOVSDFHDVWKH\ZHUHIRXQGVWUDWHJLFDOO\SRVLWLRQHGLQWKH
RIIHULQJ0RVWQRWLFHDEOHZDVWKHGLVWULEXWLRQRIHDJOHVZKLFKVRPHZKDWSDUDOOHOHG(QWLHUURHDJOHV
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

)LJXUH3ODQYLHZRI(QWLHUURZLWKRXWOLQHVRIDQLPDOERGLHV+XPDQVDFULILFLDOYLFWLPDQG
ERUGHUGUDZQE\66XJL\DPDDQLPDORXWOLQHVGUDZQE\16XJL\DPD

ZHUHSODFHGURXJKO\DORQJD[LDOLQWHUD[LDOOLQHVDQGDWWKHFHQWHURIWKHFKDPEHU)LJXUH8QOLNH
(QWLHUURHDFKRIWKHVHSRLQWVZDVPDUNHGE\RQHHDJOHLQVWHDGRIDSDLU7KHVLPLODULW\REVHUYHGKHUHLV
QRWVXUSULVLQJDVWKHVHWZRRIIHULQJVZHUHURXJKO\FRQWHPSRUDQHRXVGDWLQJWRWKHIRXUWKEXLOGLQJSKDVH
DQGZDVSUREDEO\GHVLJQHGLQXQLVRQ,WLVLQWHUHVWLQJWKDWWKHGLVWULEXWLRQRIHDJOHVLQWKLVFKDFKHZDV
VRPHZKDWUHJXODUL]HGDQG\HWVRPHLQGLYLGXDOVZHUHQRWLFHDEO\LUUHJXODUORFDWHGRIIFHQWHURUGLVSODFHG
IURPWKHFRUQHUV)RUH[DPSOHDQHDJOH(OHPHQWRZDVIRXQGXQGHUQHDWKWKHFDJHGZROIVNHOHWRQ
0RVWOLNHO\MXGJLQJIURPWKHSUHVHQFHRIWKHRWKHUWKUHHHDJOHVIRXQGRQWKHFRUQHUVRIWKHFDFKHWKLV
LQGLYLGXDOZDVPHDQWWREHSODFHGRQWKHVRXWKZHVWHUQFRUQHU:K\WKLVLQGLYLGXDOPRYHGRUZDV
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
GUDJJHGWRZDUGVWKHZROIFDQQRWEHH[SODLQHG2QHSRVVLELOLW\LVWKDWEHFDXVHVRPHRIWKHIDXQDZHUH
EXULHGDOLYHWKHDQLPDOVFRXOGKDYHVKLIWHGIURPWKHLURULJLQDOSODFHPHQW7KHFDJHGZROIDQGSXPDV
ZHUHIRXQGURXJKO\DORQJWKHPLGSRLQWDORQJWKHQRUWKVRXWKD[LV$VDUHVXOWWKHFRPSOHWHLQGLYLGXDOV
ZHUHSODFHGLQFDUGLQDODQGLQWHUFDUGLQDOSRLQWVDQGDWWKHFRUH
7ZRVHWVRIELIDFLDONQLYHVUDGLDWHGDURXQGWZRFHQWUDOJUHHQVWRQHILJXULQHVDWWKHFHQWHURIWKH
GHGLFDWRU\FDFKH7KHVHDUWLIDFWVDOVRIXQFWLRQHGWRRULHQWWKHULWXDOVSDFHDVWKH\ZHUHSODFHGDORQJ
FDUGLQDODQGLQWHUFDUGLQDOGLUHFWLRQVVLPLODUWRWKHIDXQDIRXQGLQWKHFDFKH$V6XJL\DPDDQG/ySH]
/XMDQKDYHDUJXHGWKHQXPEHURIREVLGLDQELIDFHVDQGIDXQDZHUHWKHVDPH7KHUHZHUHWZR
JURXSLQJVRIQLQHELIDFHVWKDWWRWDOHGNQLYHVGHSRVLWHGLQWKLVRIIHULQJ6LPLODUO\WKHUHZHUHWKUHH
FDJHGDQLPDOVDQGVL[UDWWOHVQDNHVWKDWLQFOXGHGQLQHFRPSOHWHQRQHDJOHVDQGQLQHHDJOHVWRWDOLQJ
VDFULILFLDODQLPDOV7KHREVLGLDQELIDFHVDQGVDFULILFLDODQLPDOVRULHQWHGWKHVSDWLDOWHPSRUDOD[LVDV
LVDKLJKO\VLJQLILFDQWQXPEHULQ0HVRDPHULFDQFRVPRORJLFDOV\VWHPVWKDWUHSUHVHQWWKHGLIIHUHQW
OD\HUVRIWKHXSSHUZRUOGDQGXQGHUZRUOGDVZHOODVUHODWLQJWRWKHLUFDOHQGULFF\FOH6XJL\DPDDQG/ySH]
/XMiQE
7ZRFRPSOHWHIHOLGVNHOHWRQVRQHPDOHDQGRQHIHPDOHZHUHSDLUHGLQWKHQRUWKHUQVHFWRULQVLGH
WZRFDJHVSODFHGRQWRSRIHDFKRWKHU,QWKHVRXWKHUQVHFWRUDPDOHZROIZDVFDJHGZKLOHQHDUE\D
IHPDOHHDJOHZDVIRXQGEHORZWKLVFDQLGDJDLQSDLULQJPDOHDQGIHPDOHDQLPDOV/RRNLQJDWWKHHDJOHV
ZKRVHVH[ZDVLGHQWLILHGZLWKFHUWDLQW\H[FOXGHV(OHPHQWRVDQGSRVVLEOHIHPDOHVIHPDOHVZHUH
IRXQGRQWKHZHVWHUQVHFWRURIWKHFKDPEHU(OHPHQWRVDQGZKLOHPDOHVZHUHIRXQGRQWKH
HDVWHUQVHFWRU(OHPHQWRDQG7KHVHWZRSRVVLEOHIHPDOHVZHUHLGHQWLILHGDUELWUDULO\EDVHGRQ
WKHJHQHUDOLPSUHVVLRQRIVL]HRIWKHLQGLYLGXDODOWKRXJKLQFRPSOHWHWDUVRPHWDWDUVXVZLGWKPDGHDFFXUDWH
VH[GHWHUPLQDWLRQVLPSRVVLEOH)XUWKHUPRUHRQHRIWKHLQGLYLGXDOVZDVFRQVLGHUHGDSRVVLEOH\RXQJDGXOW
ZKLFKPDNHVWKLVJHQGHULGHQWLILFDWLRQGLIILFXOWWRWUXVW,QFRQWLQXDWLRQ,GLVFXVVKRZWKHPRUHSUHYDOHQW
JHQGHUGLVWULEXWLRQLQ(QWLHUURSDUDOOHOVWKHDUUDQJHPHQWREVHUYHGLQ(QWLHUUR
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Seasonality 
7ZRVSHFLHVWKHHDJOHDQGWKHZROISURYLGHYDOXDEOHLQVLJKWLQWRWKHWLPLQJRIWKHULWXDOHYHQW
$PRQJDOOWKHHDJOHVH[DPLQHGIURPWKHYDULRXVFRQWH[WV(QWLHUURZDVWKHRQO\FDVHZKHUHSULPDU\
EXULDOVRI\RXQJHDJOHVZHUHGRFXPHQWHG7KLVLVEHFDXVHHDJOHFKLFNVJURZDWDQH[FHSWLRQDOSDFH
UHDFKLQJDGXOWVL]HE\WKUHHPRQWKV2QWKHIOLSVLGHRQFHD\RXQJLQGLYLGXDOLVLGHQWLILHGLWLVSRVVLEOH
WRUHFRQVWUXFWDWLJKWHVWLPDWHRIVHDVRQDOLW\7KHSUHVHQFHRIDWOHDVWRQHLQIDQWMXYHQLOHDQGDIHZ
SRVVLEOHMXYHQLOHHDJOHVLQGLFDWHWKHULWXDOPRVWOLNHO\WRRNSODFHZKHQWKH\ZHUHURXJKO\WZRPRQWKVROG
6LQFHWKHVHHDJOHVKDWFKEHWZHHQ$SULOWRHDUO\0D\LQWHUQPHQWZDVHVWLPDWHGWRKDYHRFFXUUHG
VRPHWLPHEHWZHHQ-XQHDQG-XO\
7KHUHPDLQVRIDMXYHQLOHZROIVL[WRQLQHPRQWKVROGIRXQGIURPWKHVDPHFRQWH[WVRPHZKDW
FRQWUDGLFWHGWKLVVHDVRQDOGHVLJQDWLRQ:ROYHVJHQHUDOO\JRLQWRKHDWLQWKHZLQWHUDIWHUZKLFKSRLQWWKH\
HQWHUWKHLUJHVWDWLRQSHULRGWKDWODVWVDERXWWZRPRQWKVZLWKELUWKIROORZLQJLQWKHVSULQJ)HEUXDU\WR
$SULO%ODQFR3DGLOODHWDO&DOFXODWLQJWKHVL[WRQLQHPRQWKDJHRI(OHPHQWRLWVXJJHVWVWKH
ULWXDOSUREDEO\WRRNSODFHEHWZHHQ$XJXVWDQG-DQXDU\+RZHYHUZROIEUHHGLQJVHDVRQLVPRUHKHDYLO\
GHSHQGHQWRQSUH\DYDLODELOLW\DQGLVPXFKPRUHYDULDEOHWKDQWKDWRIDQHDJOH,WVGRPHVWLFDWHGIRUPWKH
GRJEUHHG\HDUURXQG7KXVVHDVRQDOLW\VKRXOGPRUHKHDYLO\UHO\RQHDJOHDJHUDQJHVWKDWKDYHPRUH
UHVWULFWHGEUHHGLQJVHDVRQDQGDJHHVWLPDWHV7RJHWKHUWKHDJHRIWKH\RXQJHDJOHDQGZROIVXJJHVWWKDW
WKHEXULDOWRRNSODFHVRPHWLPHGXULQJWKHVXPPHUWRODWHVXPPHU-XQH$XJXVWGXULQJWKHUDLQ\VHDVRQ
0RRQ3\UDPLG(QWLHUUR
)DXQDIURP(QWLHUURUHSUHVHQWVWKHODUJHVWH[DPSOHRIDQLPDOPDVVVDFULILFHDQGIDXQDOXVHLQ
VWDWHVSRQVRUHGULWXDOVDW7HRWLKXDFDQ7KLVFRQWH[WDORQHFRQWDLQHGDPLQLPXPRIDQLPDOVHLWKHU
VDFULILFHGRUGHSRVLWHGVHFRQGDULO\LQWRWKHFDFKH7DEOH$VWKLVRIIHULQJZDVFRQVWUXFWHGGXULQJWKH
VDPHEXLOGLQJHSLVRGHDV(QWLHUURLWZRXOGKDYHEHHQVRPHZKDWFRQWHPSRUDQHRXVEXWSODFHGLQWKH
PLGVWRIWKHPRQXPHQWDOFRQVWUXFWLRQXSRQUHDFKLQJDSSUR[LPDWHO\PKLJK7RJHWKHUWKHIDXQD
XWLOL]HGLQWKHVHWZRFDFKHVZRXOGKDYHQXPEHUHGLQGLYLGXDOVVXJJHVWLQJDQH[WHQVLYHDPRXQWRI
SUHSDUDWLRQWRJDWKHUDOOWKHQHFHVVDU\DQLPDOVIRUWKHULWXDOHYHQW
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

)LJXUH3ODQYLHZRI(QWLHUURZLWKRXWOLQHVRIDQLPDOERGLHV+XPDQVDFULILFLDOYLFWLPDQG
ERUGHUGUDZQE\*3HUHLUDDQG66XJL\DPDDQLPDORXWOLQHVGUDZQE\16XJL\DPD

:KLOHWKHUHZDVDQRYHUDOOHYHQGLVWULEXWLRQRIIHOLGDQGFDQLGFUDQLDWKURXJKRXWWKHRIIHULQJWKH
PDMRULW\RIFRPSOHWHLQGLYLGXDOVZHUHIRXQGLQWKHZHVWHUQKDOIRIWKHFKDPEHUZLWKWKHH[FHSWLRQRI
(OHPHQWRWKDWZDVH[FDYDWHGLQWKHHDVWHUQVHFWRU)LJXUH&RPSOHWHDQLPDOVSDUWLFXODUO\
FRQFHQWUDWHGRQWKHVRXWKZHVWHUQFRUQHU8QIRUWXQDWHO\WKLVDUHDZLWKRYHUODSSLQJVNHOHWRQVZDVEDGO\
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
SUHVHUYHG7KHUHLVDQLQWHUHVWLQJSDUDOOHORIWKHRYHUODSSLQJFRPSOHWHDQLPDOVVDFULILFHGDWWKH
VRXWKZHVWHUQFRUQHUWRWKHSLOHGKXPDQVNHOHWDOUHPDLQVRQWKHQRUWKZHVWHUQFRUQHURIWKHFDFKH
&RPSDULQJWKHVSHFLHVGLYHUVLW\DQGVSDWLDOOD\RXWLWLVDSSDUHQWWKDWWKHVHWZRRIIHULQJVZHUH
SODQQHGLQDFFRUGDQFHWRHDFKRWKHUZLWKREYLRXVSDUDOOHOVEHWZHHQQRWMXVWWKHDQLPDODVVHPEODJHEXW
DOVRRWKHUDUWLIDFWVLQWKHFKDPEHU/ySH]/XMiQDQG6XJL\DPD+HUHVRPHRIWKHVSHFLILFSDUDOOHOV
EHWZHHQWKHWZRRIIHULQJVDUHGHPRQVWUDWHGDVZHOODVKRZWKHWZRFKDPEHUVʊRQHSRVLWLRQHGDWWKH
EDVHDORQJWKHWHSHWDWHIORRUDQGDQRWKHUSODFHGDERYHWKLVLQWKHPLGVWRILWVFRQVWUXFWLRQʊHPEHGGHG
KLJKO\V\PEROLFIDXQDWRRULHQWWKHULWXDOVSDFH
Species Diversity 
7KHVSHFLHVGLYHUVLW\ʊWHQVSHFLHVGLVWULEXWHGDPRQJQLQHJHQHUD7DEOHʊDQGWKHOD\RXW
VRPHZKDWPLUURUWKDWRI(QWLHUURZLWKVOLJKWYDULDWLRQVWKDWIXOO\XWLOL]HWKHH[SDQVLYHPVSDFH
(LJKWHHQJROGHQHDJOHVPDUNHGWKHPRVWDEXQGDQWVSHFLHVWKDWLQFOXGHGSULPDU\DQGVHFRQGDU\EXULDOV
2WKHUDYLDQVSHFLHVIURPWKHILOOPDWUL[VXFKDVWKHEREZKLWHTXDLOColinus virginianusLQFDGRYH
Columbina incaDQGRWKHUXQLGHQWLILHGELUGHOHPHQWVZHUHDOVRGRFXPHQWHG
$FRXSOHFDQLGVSHFLHVZHUHLGHQWLILHGWKH0H[LFDQJUH\ZROICanis lupus baileyiDQGRQH
FR\RWHC. latrans7KHSRVVLELOLW\RIDK\EULGEHWZHHQDZROIDQGGRJC. lupus-familiarisZDVDOVR
GLVFXVVHGDFRQFOXVLRQZKLFKLVSHQGLQJIXUWKHUDQDO\VLV:KLOHWKHUHDUHRWKHUFDVHVRIZROIGRJK\EULGV
XWLOL]HGDVPD[LOODU\SHQGDQWVDWWKH)HDWKHUHG6HUSHQW3\UDPLG9DODGH]$]~DHWDODEWKH
FRPSHWHFR\RWHVNHOHWRQIRXQGLQWKHSUHVHQWFRQWH[WLVXQLTXHDQGKDVQRWEHHQUHFRUGHGLQDQ\RWKHU
ULWXDOFRQWH[WVDW7HRWLKXDFDQ7ZRVSHFLHVRIIHOLGVZHUHLGHQWLILHGWKHSXPDDQGWKHMDJXDUPanthera
oncaDVERWKFRPSOHWHDQGSUHSDUHGHOHPHQWV7KHLULGHQWLILFDWLRQSDUWLFXODUO\RIWKHMDJXDUUHPDLQVLV
SHQGLQJIXUWKHUFRQILUPDWLRQ
$EXQGDQWUDWWOHVQDNHVZHUHIRXQGLQVLGHDFLUFXODUEDVNHWDWURXJKO\WKHFHQWHURIWKHGHGLFDWRU\
FDFKH)LJXUH$Q05,RIWKHEDVNHWUHYHDOHGQXPHURXVUDWWOHVQDNHVSLOHGLQVLGHWKHEDVNHWWRWDOLQJ
DSSUR[LPDWHO\VHUSHQWV6SHFLHVIRXQGLQWKHVWRPDFKFRQWHQWRIFRPSOHWHFDUQLYRUHVLQFOXGHGWKH
GHVHUWDQGHDVWHUQFRWWRQWDLOV6HYHUDOERQHVRID0H[LFDQJUD\VTXLUUHOSciurus aureogasterZHUHDOVR
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
IRXQGLQWKHILOOPDWUL[2WKHULVRODWHGPDPPDOLDQUHPDLQVZHUHSUREDEO\HLWKHUIUDJPHQWVFKLSSHGRII
IURPRWKHUDQLPDOVLGHQWLILHGRULVRODWHGHOHPHQWVRIILOOUHIXJHWKDWFRXOGQRWEHLGHQWLILHGIXUWKHU
Spatial patterning  
7KHVSDWLDOOD\RXWRIWKHRIIHULQJZDVGLVWLQFWIURPRWKHUFRQWH[WVLQWKDWWKHVKHHUVL]HRIWKH
FKDPEHUWKDWUHVXOWHGLQDUHDVZLWKQRRUOLWWOHDUWLIDFWV7KHPDMRULW\RIWKHGHGLFDWRU\RIIHULQJVZHUH
IRXQGDVDODUJHFRQFHQWUDWLRQLQWKHVRPHZKDWQRUWKHUO\RIIFHQWHUHGDUHDZKHUHWODORFYHVVHOVODUJH
S\ULWHGLVNVREVLGLDQHFFHQWULFVDQGWZRKXPDQVNHOHWRQVZHUHSODFHG6XJL\DPDDQG/ySH]/XMiQ
0RVWVWULNLQJZDVWKHKHDSRIEHKHDGHGKXPDQVDFULILFLDOYLFWLPVSLOHGDORQJWKHQRUWKHUQZDOO,Q
FRQWUDVWWRWKLVFKDRWLFDUUDQJHPHQWRIKXPDQFDGDYHUVWKHIDXQDZHUHVRPHZKDWHYHQO\GLVWULEXWHG
WKURXJKRXWWKHFKDPEHU)LJXUH
*URXSLQJVRIDQLPDOVZHUHLGHQWLILHGDWFDUGLQDODQGLQWHUFDUGLQDOVHFWRUVDQGDWWKHFRUHRIWKH
FKDPEHU(DFKJURXSLQJFRQWDLQHGDSDLURIHDJOHVDQGYDULDEOHQXPEHUVRIFDQLGIHOLGVNXOOVDQG
FRPSOHWHERGLHV0RVWRIWKHWLPHDJURXSZDVFRPSRVHGRIRQHFDQLGVNXOODQGRQHIHOLGVNXOOZLWKD
SULPDU\EXULDORIDFDQLGRUIHOLGEXWWKLVODVWFRPSRQHQWYDULHGVLJQLILFDQWO\7KHVRXWKZHVWHUQFRUQHURI
WKHFDFKHIRUH[DPSOHHQFRPSDVVHGWZRHDJOHVRQHFDQLGKHDGDFRPSOHWHFDQLGDQGWZRFRPSOHWH
IHOLGV0RVWRIWKHFRPSOHWHQRQHDJOHVNHOHWRQVZHUHGHSRVLWHGDORQJWKHZHVWHUQVHFWRURIWKHRIIHULQJ
ZLWKWKHH[FHSWLRQRI(OHPHQWRDFRPSOHWHIHOLGVNHOHWRQLQWKHHDVWHUQKDOI
$PDUNHQJUDYHGRQWKHJURXQGIRXQGXQGHUQHDWKWKHREVLGLDQHFFHQWULFVPD\KHOSH[SODLQWKH
OD\RXWRIWKHVHDQLPDOV7ZRFLUFOHVZLWKDOLQHGUDZQLQFDUGLQDODQGLQWHUFDUGLQDOGLUHFWLRQVZDV
LQFLVHG$V/ySH]/XMiQDQG6XJL\DPDKDYHDUJXHGWKHUHLVDYHUWLFDOGLPHQVLRQWRWKHFDFKHV
DQGGUDZLQJWKLVIHDWXUHZRXOGKDYHEHHQRQHRIWKHILUVWDFWVLQWKHGHGLFDWRU\ULWXDORYHUZKLFKSDLUHG
REVLGLDQELIDFHVDQGHFFHQWULFVZHUHFDUHIXOO\ODLGRXW$WWKHFHQWHURIWKLVDVVHPEODJHDS\ULWHGLVNZDV
SODFHGZKHUHDPRVDLFILJXULQHVWRRG7KHDUUDQJHPHQWRIQLQHSDLUHGREVLGLDQNQLYHVDORQJWKHVHD[LDO
OLQHVSDUDOOHOVWKHSODFHPHQWRIHDJOHVWKURXJKRXWWKHFDFKHWKDWDUHDOVRGHSRVLWHGLQSDLUV
$QRWKHULPSRUWDQWSDWWHUQLQWKHGLVWULEXWLRQRIIDXQDOUHPDLQVIURPWKHRIIHULQJLVIRXQGDPRQJ
WKHVH[HGVNHOHWRQV2QFHWKHVH[RIWKHDQLPDOVZHUHGHWHUPLQHGLWEHFDPHREYLRXVWKDWWKH
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

7HRWLKXDFDQRVZHUHLQWHQWLRQDOO\GLIIHUHQWLDWLQJEHWZHHQPDOHDQGIHPDOHVNHOHWRQV7KLVSDWWHUQILUVW
HPHUJHGZKHQWKHHDJOH¶VVH[ZDVDVVLJQHGDQGIHPDOHYHUVXVPDOHHDJOHVZHUHSORWWHGRQWKHSODQYLHZ
GUDZLQJV)LJXUH$VWKHPRVWXELTXLWRXVVSHFLHVZLWKWKHODUJHVWQXPEHURIVH[HGLQGLYLGXDOV
LPPHGLDWHO\WKHUHZDVDFOHDUSDWWHUQPDOHVNHOHWRQVZHUHGLVWULEXWHGRQWKHHDVWHUQVHFWRURIWKH
FKDPEHUZKLOHIHPDOHVZHUHRQO\IRXQGLQWKHZHVWHUQKDOI6XEVHTXHQWDQDO\VLVRIIHOLGDQGFDQLG
VNHOHWRQVGHULYHGVLPLODUUHVXOWVZLWKRQHH[FHSWLRQ2QHFDQLGFUDQLXP(OHPHQWRZDVLGHQWLILHG
DVIHPDOHHYHQWKRXJKLWZDVIRXQGLQWKHQRUWKHDVWFRUQHU:KLOHRWKHUSUHSDUHGVNHOHWDOHOHPHQWVVXFK
DV(OHPHQWRDQGVWLOOIROORZHGWKHVH[GLYLVLRQWKHPDMRULW\RIWKHVH[HGVNHOHWRQVZHUH
SULPDU\EXULDOV,WLVOLNHO\WKDWSUHSDUHGVNHOHWRQVVXFKDV(OHPHQWRWKDWZHUHH[WHQVLYHO\
SURFHVVHGDQGVHFRQGDULO\GHSRVLWHGLQWRWKHFKDPEHUZHUHQRWVH[HGE\WKH7HRWLKXDFDQRV$QRWKHU
SRVVLELOLW\LVWKDWWKHLGHQWLILFDWLRQRIDIDLUO\\RXQJDGXOWRQHWRWZR\HDUVRIDJHFRXOGKDYHEHHQPLVV
LGHQWLILHGGXULQJDQDO\VLVGXHWRLWVVPDOOHUVL]H
7KLVGDWDSDUDOOHOVWKHGLVWULEXWLRQRIHDJOHVLQ(QWLHUURZKLFKVHFXUHO\LGHQWLILHGPDOHDQG
IHPDOHHDJOHVGLYLGHGLQWRHDVWDQGZHVWUHVSHFWLYHO\7KLVHYLGHQFHH[SOLFLWO\SLQSRLQWVLQWHQWLRQDOLW\LQ
VHOHFWLQJDVSHFLILFVH[IRUWKHULWXDORIIHULQJ)XUWKHUPRUHLWGHPRQVWUDWHVWKDWWKH7HRWLKXDFDQRVKDG
H[FHSWLRQDOO\ILQHFRQWURORYHUWKHFDUQLYRUHSRSXODWLRQDEOHWRVHOHFWQRWRQO\WKHQHFHVVDU\QXPEHURI
LQGLYLGXDOVWRXVHXVXDOO\RUEXWDOVRWKHGHVLUHGVH[
7KHVHOHFWLRQSURFHVVRISULPDU\EXULDOVLVVWUDLJKWIRUZDUGDVWKH\ZHUHDEOHWRREVHUYHWKHVH[
RIWKHOLYHFDUQLYRUHV)RUPDQ\RIWKHVHFRQGDU\EXULDOVLWZRXOGKDYHEHHQVLJQLILFDQWO\PRUHGLIILFXOWWR
VH[ZLWKRXWWKHHQWLUHERG\(VSHFLDOO\IRUWKHHDJOHVWKHIDFWWKDWERWKSULPDU\DQGVHFRQGDU\DQLPDOV
ZHUHGLYLGHGDORQJHDVWZHVWVHFWRUVGHPRQVWUDWHVWKDWWKHVH[RIFRPSOHWHDQGSUHSDUHGLQGLYLGXDOVZDV
NQRZQDWWKHWLPHRILQWHUPHQW7KLVLVQRHDV\IHDWDVH[HPSOLILHGE\DUHFHQWSXEOLFDWLRQWKDWUDQD
FRPSRQHQWDQDO\VLVWRGHWHUPLQHZKLFKPHDVXUHPHQWVDUHPRVWHIIHFWLYHWRGHWHUPLQHWKHVH[RIPRGHUQ
*ROGHQ(DJOHVʊWKHKDOOX[OHQJWKDQGFUDQLDOOHQJWK+DUPDWDDQG0RQWRSROLERWKPHDVXUHPHQWV
WKDWDUHXQIRUWXQDWHO\KDUGWRWDNHZLWKIUDJPHQWDU\DQGGLVDUWLFXODWHGDUFKDHRORJLFDOVDPSOHV,WZDV
QHFHVVDU\LQWKLVVWXG\WRHLWKHUYLVXDOO\FRQILUPERG\SRVLWLRQGXULQJFRSXODWLRQRUUXQ'1$WHVWVWR
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

GHWHUPLQHWKHVH[RIWKHUDSWRUWRFRQGXFWWKHVXEVHTXHQWVWDWLVWLFDODQDO\VLV7HRWLKXDFDQULWXDOVSHFLDOLVWV
ZKRGHSRVLWHGWKHVHUDSWRUVDFFRUGLQJWRVH[GLGQRWXWLOL]HVXFKDQDO\WLFDOPHWKRGV7KH\PXVWKDYH
GLVWLQJXLVKHGPDOHDQGIHPDOHHDJOHVE\JHQHUDOERG\VL]HDQGWKURXJKZDWFKLQJWKHLUDFWLRQV
SDUWLFXODUO\GXULQJFRXUWVKLSFRSXODWLRQDQGLQFXEDWLRQ7KLVVXJJHVWVWKDWSULPDU\DQGVHFRQGDULO\
GHSRVLWHGHDJOHVRINQRZQVH[ZHUHSUREDEO\FDUHIXOO\REVHUYHGWRFRQILUPWKHLUVH[ZKLOHWKHDQLPDO
ZDVVWLOODOLYH6XFKDSURFHVVZRXOGKDYHEHHQPRVWHDVLO\DFFRPSOLVKHGLQFRQILQHPHQWʊDSRVVLELOLW\
WKDWLVVWUHQJWKHQHGE\WKHSUHVHQFHRISUHSDUHGHDJOHVNHOHWRQVZLWKERWKSDWKRORJLFDOLQGLFDWRUVRI
GLVHDVHWKDWDOVRFRQWDLQHGH[WHQVLYHFXWPDUNV
Seasonality 
 2QHIHOLGVNHOHWRQKLQWHGDWZKHQWKHGHGLFDWRU\ULWXDORI(QWLHUURZDVFRQGXFWHG2QHSULPDU\
EXULDORIDMXYHQLOHIHOLGEHWZHHQVL[DQGHLJKWPRQWKVROGZDVLGHQWLILHG$VVXPLQJIHOLGVKDGUHJXODU
ELUWKF\FOHVIHOLGVXVXDOO\JDYHELUWKEHWZHHQ$SULODQG6HSWHPEHU7KHUHIRUHWKHGHGLFDWRU\ULWXDOPXVW
KDYHWDNHQSODFHVRPHWLPHEHWZHHQ6HSWHPEHUDQG$SULO0HVRDPHULFD¶VFDOHQGULFF\FOHIROORZHGWKH
PDMRUGLVWLQFWLRQEHWZHHQWKHZHWDQGGU\VHDVRQ7KHGU\VHDVRQFRUUHVSRQGVWRWKHGDWHVZKHQWKHVXQ
LVIRXQGLQWKHVRXWKHUQKHPLVSKHUHEHWZHHQ$XJXVWWKDQG$SULOWK6XJL\DPDE7KHUHIRUH
WKHGHGLFDWRU\ULWXDORI(QWLHUURWRRNSODFHGXULQJWKHGU\VHDVRQ
0RRQ3\UDPLG(QWLHUUR 
(QWLHUURZDVWKHRQO\FRQWH[WFRPSRVHGVROHO\RIVHFRQGDU\GHSRVLWV7KHUHPDLQPRVWO\RI
FDQLGDQGIHOLGKHDGVVRPHWLPHVDFFRPSDQLHGE\WKHSKDODQJHVDQGFODZVZHUHGLVSHUVHGDURXQGIRXU
VDFULILFHGKXPDQVGHSRVLWHGLQWKHFKDPEHU2QO\WZRDYLDQUHPDLQVERWKKDZNVZHUHDOVRIRXQGLQWKLV
RIIHULQJ6XFKDGHSRVLWFRQWUDVWVVLJQLILFDQWO\IURPWKHSUHYLRXVWZRGHGLFDWRU\FDFKHV(QWLHUURVDQG
LQERWKVSHFLHVGLYHUVLW\DQGTXDQWLW\RIIDXQDUHSUHVHQWHG7KLVLVVXUSULVLQJJLYHQWKDWWKLVRIIHULQJ
ZDVGHSRVLWHGRQO\DERXWILIW\\HDUVDIWHU(QWLHUURVDQGZHUHLQWHUUHGGXULQJWKHVXEVHTXHQWILIWK
FRQVWUXFWLRQSKDVH$'7KHODFNRISULPDU\GHSRVLWVRIDQLPDOVWKHUHGXFHGVSHFLHVGLYHUVLW\
DVZHOODVWKHUHGXFHGQXPEHURIDQLPDOVLQJHQHUDODOOVXJJHVWWKDWDQLPDOVZHUHQRWFHQWUDOWRWKH
IXQFWLRQRIWKHGHGLFDWRU\ULWXDO,QVWHDGWKHULWXDOVSHFWDFOHPRVWOLNHO\IRFXVHGRQWKHIRXUVDFULILFLDO
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

YLFWLPVWKDWWRRNXSWKHPDMRULW\RIWKHULWXDOVSDFH7KHDQLPDOVLQWXUQZHUHFHQWUDOWRFRQFUHWLQJWKH
LGHQWLW\RIWKHVHVDFULILFLDOYLFWLPV
Species Diversity 
 7KLVRIIHULQJFRQWDLQHGWKHORZHVWVSHFLHVGLYHUVLW\ZLWKRQO\WKUHHVSHFLHVLGHQWLILHGWKHZROI
WKHSXPDDQGWKHKDZN7DEOH7KHUHZDVDQHPSKDVLVRQZROIUHPDLQVFRQVLVWLQJRIDQ01,RI
7KLVFDFKHH[KLELWHGWKHJUHDWHVWQXPEHURIFDQLGSDUDSKHUQDOLDIURPDQ\VLQJXODUFRQWH[WVXJJHVWLQJ
WKDWWKHZROIZDVSDUWLFXODUO\LPSRUWDQWWRWKHV\PEROLVPDVVRFLDWHGZLWKWKLVRIIHULQJ
 7KHUHPDLQVRIVL[SXPDDQGRQHXQLGHQWLILHGIHOLGDOVRDFFRPSDQLHGWKHVHFDQLGVNXOOV
8QIRUWXQDWHO\WKHYHU\IUDJPHQWDU\QDWXUHRIWKHFUDQLDIRUERWKFDQLGVDQGIHOLGVPDGHLWH[WUHPHO\
GLIILFXOWWRUHFRYHUFRPSOHWHKHDGV,QVWHDGEXQGOHVRIPL[HGFDQLGDQGIHOLGUHPDLQVZHUHDVVLJQHGD
VLQJOH(OHPHQWRQXPEHUDQGRQO\ODWHULQWKHODEZDVLWSRVVLEOHWRUHFRQVWUXFWWKH01,
 7KHODVWVSHFLHVLGHQWLILHGLQWKLVRIIHULQJZDVWKHURDGVLGHKDZNUHSUHVHQWHGE\WKHPDQGLEOH
SDUWVRIWKHZLQJWKHWDLOERQHDQGSDUWVRIWKHWLELRWDUVXVERQH-XVWWRWKHQRUWKRIWKLVFRQFHQWUDWLRQD
ULJKWFDUSRPHWDFDUSXVRIDQXQLGHQWLILHGKDZNVSHFLPHQZDVDOVRGLVFRYHUHGPL[HGLQZLWKWKHUHPDLQV
RIDFDQLGVNXOO7KHDEVHQFHRIVSHFLHVLQWKLVFDVHWKHUDWWOHVQDNHDQGHDJOHLVDOVRLPSRUWDQW
FRQVLGHULQJWKHLUSURPLQHQFHLQRWKHURIIHULQJV:K\WKHVHDQLPDOVZHUHQRWLQFOXGHGLVLQWHUHVWLQJJLYHQ
WKH\ZHUHXVHGERWKEHIRUH(QWLHUURVDQGDQGDIWHU(QWLHUURWKLVRIIHULQJ
Spatial Patterning 
 8QOLNHWKHYHU\LQWHQWLRQDOGLYLVLRQRIWKHULWXDOVSDFHPDQLIHVWHGE\WKHIDXQDOUHPDLQVLQ
(QWLHUURVDQGWKHDQLPDOVGHSRVLWHGLQ(QWLHUURGLGQRWKDYHDFOHDUSDWWHUQ7KLVZDVSUREDEO\
EHFDXVHGHWHUPLQLQJPDOHIHPDOHGLVWLQFWLRQVDPRQJWKHKLJKO\SURFHVVHGFUDQLDSUHVHQWVDGLIILFXOW\QRW
MXVWIRU]RRDUFKDHRORJLVWVEXWIRUWKHULWXDOSUDFWLWLRQHUVWKDWSODFHGWKHSUHSDUHGVNHOHWRQVLQWRWKH
RIIHULQJ2QHFOHDUREVHUYDEOHSDWWHUQLVWKHFORVHDVVRFLDWLRQWKHZROYHVKDGWRWKHVDFULILFHGLQGLYLGXDOV
&DQLGFUDQLDZHUHVFDWWHUHGWKURXJKRXWWKHRIIHUWRU\FKDPEHUEXWWKHUHZDVDSDUWLFXODUHPSKDVLVRQ
ZROIVNXOOVQHDUWKHKHDGRIWKHVDFULILFLDOLQGLYLGXDOV)LJXUH)HOLGVNXOOVRQWKHRWKHUKDQGZHUH
PDLQO\SODFHGQHDUWKHIHHWRIWKHVDFULILFLDOYLFWLPVFRUUHVSRQGLQJWRWKHZHVWHUQVHFWRU7KHRQO\
267



)LJXUH3ODQYLHZRI(QWLHUURZLWKRXWOLQHVRIDQLPDOERGLHV+XPDQVDFULILFLDOYLFWLPDQG
ERUGHUGUDZQE\66XJL\DPDDQLPDORXWOLQHVGUDZQE\16XJL\DPD

H[FHSWLRQLV(OHPHQWRFRPSRVHGRIWKHIURQWDOSRUWLRQRIWKHPDQGLEOHRIDSXPDWKDWZDVIRXQG
PL[HGZLWKWZRZROIFUDQLDRQWKHVRXWKHDVWHUQFRUQHUE\WKHKHDGRILQGLYLGXDO$6LPLODUO\WKH
UHPDLQVRIKDZNVZHUHLGHQWLILHGRQO\LQWKHZHVWHUQVHFWRUVE\WKHIHHWRIWKHVDFULILFLDOYLFWLPV
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

$VH[SODLQHGLQ&KDSWHURVWHRORJLFDODQGLVRWRSLFUHVXOWVVXJJHVWWKHKXPDQVDFULILFLDOYLFWLPV
ZHUHZDUFDSWLYHVDOOPDOH6SHQFHDQG3HUHLUD:KLWHHWDO7KLVFORVHDVVRFLDWLRQEHWZHHQ
ZDUULRUVVDFULILFHDQGFDQLGVDUHH[SUHVVHGE\WKHFDQLGPD[LOODU\SHQGDQWVDGRUQLQJFDSWLYHZDUULRUV
IURPWKH)636HH&KDSWHUDQGLQWKHFDQLGVNXOODVVHPEODJHIRXQGLQ(QWLHUUR:LWKQRSULPDU\
EXULDOVGHSRVLWHGLQ(QWLHUURLWZDVLPSRVVLEOHWRUHFUHDWHVHDVRQDOLW\IURPWKH]RRDUFKDHRORJLFDO
UHPDLQV7KXVZHFDQRQO\VD\WKDWWKHULWXDOWRRNSODFHGXULQJWKHILIWKFRQVWUXFWLRQSKDVHSRVWGDWLQJ
ERWK(QWLHUURVDQG
0RRQ3\UDPLG(QWLHUUR
8QIRUWXQDWHO\DQLPDOUHPDLQVIURP(QWLHUURZHUHGLVFRYHUHGLQWKHSRRUHVWFRQGLWLRQVGXHWR
WKHH[WHQVLYHWDSKRQRPLFDOGDPDJH7KLVPDGHLWH[WUHPHO\FKDOOHQJLQJWRFRPSOHWHDQ\OLIHKLVWRU\
UHFRQVWUXFWLRQVGXHWRUHVWULFWHGDFFHVVWRVXUIDFHIHDWXUHVRQWKH]RRDUFKDHRORJLFDOUHPDLQVDQGEDG
SUHVHUYDWLRQWKDWGLGQRWSHUPLWLVRWRSLFDQDO\VLVRQDODUJHSRUWLRQRIWKHFROOHFWLRQ1RQHWKHOHVVVHYHUDO
FRQFOXVLRQVFDQEHPDGHDERXWWKHVSHFLHVGLYHUVLW\DQGVSDWLDOSDWWHUQLQJRI(QWLHUURWKDWGLIIHU
VLJQLILFDQWO\IURPDOOWKHRWKHUFRQWH[WV1RWDEO\WKHUHZHUHVSDWLDOFOXVWHULQJDPRQJWKHGLVWLQFWDQLPDO
VSHFLHVVHHGHVFULSWLRQEHORZDQGFRPSOHWHDQLPDOVZHUHFORVHO\DVVRFLDWHGZLWKWKHVDFULILFHGKXPDQV
Species Diversity 
 7KLVRIIHULQJFRQWDLQHGVRPHXQLTXHVSHFLHVWKDWZHUHQRWUHFRUGHGLQRWKHUFRQWH[WVLQFOXGLQJ
WKHGHHUPRXVHʊIRXQGLQWKHVHUSHQW¶VVWRPDFKFRQWHQWʊDQGDVSLGHUPRQNH\IRUHOLPE7KHODWWHUZDV
DQH[FHSWLRQDOILQGDVWKLVVSHFLHVLVQRQORFDODQGLWVOLPEPXVWKDYHEHHQWUDQVSRUWHGIURPVRXWKHUQ
WURSLFDOUHJLRQV%HVLGHVVRPHRIWKHZHOONQRZQNH\DFWRUVLQWKHVHGHGLFDWLRQFHUHPRQLHVʊZROYHV
SXPDVMDJXDUVUDWWOHVQDNHDQGHDJOHVʊRWKHUVSHFLHVIRXQGLQWKLVFRQWH[WLQFOXGHGWKHFURZKDZN
GRYHSLJHRQDQGIURJOL]DUG7DEOH
 7KHPDMRULW\RIWKHIDXQDOUHPDLQVZHUHFRPSRVHGRIVHFRQGDU\GHSRVLWV7KHRQO\SULPDU\
EXULDOVZHUHDSXPD(OHPHQWRDFDQLG(OHPHQWRVHUSHQWVSUREDEO\PRVWRIWKHPZHUH
FRPSOHWHDQGWZRELUGVDQHDJOH(OHPHQWRDQGDFURZ(OHPHQWR'LVWLQJXLVKLQJEHWZHHQ
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

SULPDU\DQGVHFRQGDU\GHSRVLWVUHOLHGRQRYHUDOOUHSUHVHQWDWLRQRIERG\SDUWVGXHWRWKHIUDJPHQWDU\
QDWXUHRIWKHFROOHFWLRQ
6L[WHHQIHOLGFUDQLDZHUHGLVFRYHUHGLQWKLVRIIHULQJDOOEXWRQHZHUHUHSUHVHQWHGE\MXVWFUDQLD
VRPHWLPHVWKHFODZV7KH\LQFOXGHGUHPDLQVRIPRVWO\SXPDVQ EXWMDJXDUVKHDGVQ DQGRWKHU
XQLGHQWLILHGIHOLGVHLWKHUSXPDRUMDJXDUZHUHDOVRUHFRUGHGQ 7KH\ZHUHWKHPRVWDEXQGDQW
VSHFLHVUHSUHVHQWHGLQWKLVFDFKHWKHLUQXPEHUVHOHYDWHGE\WKHFRPSRVLWHVNXOOVWKDWFRQWDLQHGYDULRXV
WHHWKIURPPXOWLSOHLQGLYLGXDOV,QFRPSDULVRQWRWKHDEXQGDQWIHOLGUHPDLQVDQGLQFRQWUDVWWR(QWLHUUR
ZLWKDEXQGDQWFDQLGVNXOOVWKHUHZHUHRQO\DQ01,RIWZRFDQLGVDFRPSOHWHZROIDKHDGDQGRQH
FODZSKDODQJHIRXQGLVRODWHGIURPLWVKHDG
7KHVHFRQGPRVWDEXQGDQWVSHFLHVIRXQGLQWKLVRIIHULQJZHUHWKHVHUSHQWVVFDWWHUHGWKURXJKWKH
HDVWHUQVHFWRURIWKHGHGLFDWRU\FDFKH7KHVHZHUHFRQVLGHUHGSULPDU\GHSRVLWVGHVSLWHWKHIUDJPHQWDU\
VNHOHWDOUHSUHVHQWDWLRQEHFDXVHVRPHLQFOXGHGLWVVNXOODQGRWKHUVFRQWDLQHGPLFHLQLWVVWRPDFK
Spatial Patterning  
 $WILUVWVLJKWPDWHULDOVIURP(QWLHUURPDLQO\GXHWRWKHLUEDGSUHVHUYDWLRQVHHPYHU\
KDSKD]DUGO\SODFHGZLWKYHU\VPDOOSDUWLFOHVRIERQHVVFDWWHUHGWKURXJKRXWWKHRIIHUWRU\FRQWH[W
+RZHYHUXSRQFRPSOHWLQJWKH]RRDUFKDHRORJLFDOLQYHVWLJDWLRQVHYHUDOSDWWHUQVEHFRPHDSSDUHQW0RVW
QRWLFHDEOHZDVWKHGLVWULEXWLRQRIVSHFLHV7KHUHZHUHJHQHUDOO\IRXUODUJHJURXSLQJVRIDQLPDOVLQWKH
FKDPEHUIHOLGVWRWKHVRXWKVHUSHQWVWRWKHHDVWFDQLGVWRWKHQRUWKDQGHDJOHFURZWRWKHZHVW:KLOH
WKHUHZHUHVRPHLVRODWHGFODZVSKDODQJHVRIIHOLGVDQGFDQLGVLQRWKHUDUHDVWKHPDMRULW\ZHUHGLYLGHGLQ
WKHVHIRXUJHQHUDOGLUHFWLRQV)LJXUH
 7KUHHRXWRIWKHIRXUFRPSOHWHDQLPDOFDWHJRULHVZHUHDVVRFLDWHGZLWKWKHWKUHHVDFULILFLDOYLFWLPV
IRXQGVHDWHGLQWKHRIIHULQJ([FHSWIRUWKHDEXQGDQWFRPSOHWHVHUSHQWVGLVWULEXWHGWKURXJKRXWWKHHDVWHUQ
VHFWRURIWKHFDFKHWKHFRPSOHWHDQLPDOVVDFULILFHGLQWKHFKDPEHUZHUHIRXQGHLWKHULQIURQWRIRUULJKW
QH[WWRWKHVDFULILFLDOYLFWLP
7KHQRUWKHUQPRVWVDFULILFLDOYLFWLPZDVVHDWHGULJKWQH[WWRDFRPSOHWHZROIDVLIWKLVZROIZDV
DFFRPSDQ\LQJLWVPDVWHU7KHYLFWLPDOVRKHOGWKHKHDGRIDQRWKHUZROILQLWVKDQGVFRQILUPLQJWKLV
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

)LJXUH3ODQYLHZRI(QWLHUURZLWKRXWOLQHVRIDQLPDOERGLHV'UDZLQJ16XJL\DPD
VWURQJERQGEHWZHHQWKHZROIDQGWKLVKXPDQ6LPLODUO\DFRPSOHWHSXPDZDVGHSRVLWHGRQLWVVLGHZLWK
LWVH[WUHPLWLHVERXQGWRWKHZHVWRIWKHVRXWKHUQPRVWYLFWLP0DQ\IHOLGFUDQLDVXUURXQGWKLVYLFWLP
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

LQFOXGLQJRQHSXPDKHDGWKDWZDVSODFHGLQLWVKDQGVDOPRVWLGHQWLFDOWRWKHFDVHZLWKWKHFDQLGVNXOO,Q
IURQWRIWKHWKLUGKXPDQWZRELUGVNHOHWRQVZHUHSODFHGLPPHGLDWHO\LQIURQWQRUWKVLGHDQHDJOHDQGD
FURZ%RWKRIWKHVHELUGVZHUHYHU\IUDJPHQWDU\DQGWKXVGLIILFXOWWRGHWHUPLQHZLWKFRQILGHQFHLIWKH\
ZHUHSULPDU\RUVHFRQGDU\GHSRVLWV7KH\ERWKFRQWDLQHGERQHVGLVWULEXWHGWKURXJKRXWWKHVNHOHWRQ
LQGLFDWLQJLWZDVSUREDEO\DFRPSOHWHDQLPDO7KHUHZDVDQDSSDUHQWDVVRFLDWLRQEHWZHHQWKHWZRELUGV
DQGWKHVDFULILFHGLQGLYLGXDOIDFLQJWKHP$VDSDLUWKHFURZDQGWKHHDJOHZRXOGKDYHUHSUHVHQWHG\HW
DQRWKHUW\SHRIGXDOLW\DVWKHHDJOHFDUULHVVWURQJDVVRFLDWLRQVZLWKWKHVXQ$JXLOHUDDQG
WKHFURZLVWKRXJKWWRUHIOHFWGDUNQHVVRUWKHQLJKWVN\
6LQFHDOOWKHVDFULILFLDOYLFWLPVZHUHGHSRVLWHGLQDVHDWHGSRVLWLRQIDFLQJZHVWWKH\ZRXOGKDYH
KDGWKHLUEDFNWXUQHGWRWKHKHDSRIUDWWOHVQDNHVSODFHGEHKLQGWKHP7KHRQHH[FHSWLRQLVWKHSUHVHQFHRI
DUDWWOHVQDNH(OHPHQWRORFDWHGLQIURQWRIWKHWZRVRXWKHUQVDFULILFLDOYLFWLPV7KLVLQGLYLGXDOZDV
VXUURXQGHGE\DKHDSRIEURNHQFHUDPLFVDQGZDVSUREDEO\SODFHGLQVLGHRIWKLVFHUDPLFERZO
VXJJHVWLQJSDUDOOHOVWRWKHVHUSHQWVIRXQGLQDEDVNHWLQ(QWLHUUR2WKHUPDPPDOLDQDQGDYLDQVSHFLHV
IURPQRQJHQHUDOILOOPDWHULDOVZHUHIRXQGLQWKHHDVWHUQVHFWRURIWKHGHGLFDWRU\FDFKH7KH\LQFOXGHG
RQHVSLGHUPRQNH\WKUHHKDZNVDQGWKUHHGRYHSLJHRQV
Seasonality 
 7KHSUHVHQFHRIDMXYHQLOHZROIEHWZHHQVL[WRQLQHPRQWKVROGSURYLGHVDSRVVLEOHFOXHDVWR
ZKHQWKHGHGLFDWLRQFHUHPRQ\WRRNSODFH$VH[SODLQHGLQWKHFDVHRI(QWLHUURUHO\LQJRQWKHDJH
GHVLJQDWLRQRIDVLQJOHZROILVULVN\EHFDXVHWKH\DUHFDSDEOHRIEUHHGLQJ\HDUURXQGGHSHQGLQJRQWKH
DYDLODELOLW\RIUHVRXUFHV3DUWLFXODUO\LQFDVHVZKHUHDQLPDOPDQDJHPHQWDQGFDSWLYLW\ZHUHSUDFWLFHG
WKHUHLVQRJXDUDQWHHWKHVHDQLPDOVZHUHIROORZLQJQDWXUDOELUWKF\FOHV1RQHWKHOHVVLIZHDVVXPHWKLV
ZROIZDVERUQLQWKHVSULQJEHWZHHQ)HEUXDU\DQG$SULOGXULQJWKHXVXDOEUHHGLQJVHDVRQWKHULWXDO
SUREDEO\WRRNSODFHVRPHWLPHEHWZHHQ$XJXVWDQG-DQXDU\GXULQJWKHGU\VHDVRQ
6XQ3\UDPLG2IUHQGD
 7KHIDXQDOPDWHULDOVGHSRVLWHGLQ2IUHQGDRQO\LQFOXGHGVHYHQLQGLYLGXDOVLQFRPSDULVRQWRWKH
RWKHURIIHULQJVIURPWKH0RRQ3\UDPLGWKDWUDQJHGEHWZHHQWRDURXQGDQLPDOVIURPHDFKFRQWH[W
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
7KLVDSSDUHQWGHHPSKDVLVRQIDXQDZDVSUREDEO\GXHWRQRWMXVWWKHUHODWLYHO\VPDOOHUVL]HRIWKH
GHGLFDWRU\FDFKHLWVHOIEXWDOVREHFDXVHWKH6XQ3\UDPLGKDGDGLVWLQFWIXQFWLRQWKDWFRQFHQWUDWHGRQ
QRQIDXQDOPDWHULDOV'HVSLWHWKLVVPDOOHUVDPSOHVL]HWKHLQYHVWLJDWLRQRIIDXQDOUHPDLQVIURPWKLV
FRQWH[WVWLOOSURYLGHVH[FHSWLRQDOLQIRUPDWLRQFRQFHUQLQJWKHUROHRIDQLPDOVLQGHGLFDWLRQULWXDOVDWWKH
6XQ3\UDPLGDQGKRZWKH\ZHUHVLPLODUWRRUGLIIHUHGIURPWKRVHIRXQGLQWKH0RRQ3\UDPLG,Q
SDUWLFXODUJLYHQWKHUHODWLYHO\FORVHGDWHRI2IUHQGD¶VFRQVWUXFWLRQ$'WRWKDWRI(QWLHUURV
DQGLWLVQRVXUSULVHWRILQGVRPHVLPLODULWLHVEHWZHHQWKHVHFRQWH[WV
Species Diversity 
 )DPLOLDUVSHFLHVZHUHUHSUHVHQWHGLQWKLVRIIHULQJLQFOXGLQJWKHHDJOHWKHUHGWDLOHGKDZNWKH
0H[LFDQJUH\ZROIWKHSXPDDQGWKHFRWWRQWDLO7DEOH2QO\WKHHDJOHDQGWKHGLVPHPEHUHGUHPDLQV
RIWKHFRWWRQWDLOIRXQGLQLWVVWRPDFKFRQWHQWZRXOGKDYHEHHQSULPDU\EXULDOVDOOWKHRWKHUVSHFLPHQV
GHPRQVWUDWHGHYLGHQFHRIH[WHQVLYHSUHSDUDWLRQ:KLOHWKH01,RIWKHSXPDLVWZRLQWKLVRIIHULQJWKHUH
ZDVRQO\RQHSXPDWKDWZDVFRPSRVHGRIDVHPLFRPSOHWHKHDGZLWKLWVSKDODQJHVDQGFODZV7KHVHFRQG
IHOLGFRQVLVWHGRIRQO\WZRLVRODWHGLQFLVRUVULJKWPDQGLEXODU,DQG,WKDWZHUHIRXQGQHDUWKHVNXOORI
WKHSXPD7KHUHZHUHDOVRWZRFRWWRQWDLOVGHSRVLWHGLQWKHFKDPEHUERWKMXYHQLOHLQIDQWWKDWZHUH
FRQVXPHGE\WKHFRPSOHWHHDJOH
Spatial Patterning 
 ,QWHUHVWLQJO\WKHVSDWLDOSDWWHUQLQJRI2IUHQGDLVTXLWHGLVWLQFWIURPWKH0RRQ3\UDPLGZKHUH
WKHDQLPDOVZHUHRIWHQDOLJQHGDORQJD[LDODQGLQWHUFDUGLQDOORFDWLRQVWRRULHQWWKHULWXDOVSDFH$WWKH
6XQ3\UDPLGZHVHHWKHSUHVHQFHRIDQLPDOVRQWKHVRXWKHDVWHDJOHVRXWKZHVWZROIDQGQRUWKZHVW
SXPDFRUQHUVEXWQRDQLPDORQWKHQRUWKHDVWFRUQHU)LJXUH,QVWHDGDUHGWDLOHGKDZNZDVSODFHG
LQWKHQRUWKZHVWVHFWRUQH[WWRWKHSXPD7KHOHIWIRUHOLPERIWKLVUDSWRUZHUHIRXQGVHSDUDWHGIURPWKH
PDLQFRQFHQWUDWLRQRIWKLVLQGLYLGXDO,WLVOLNHO\WKDWWKHDQLPDOZDVQRORQJHUFRPSOHWHO\DUWLFXODWHGDW
WKHWLPHRIEXULDODSDWWHUQWKDWZDVSUREDEO\DOVRWUXHIRUWKHSXPDSKDODQJHVDQGFODZVWKDWZHUHIRXQG
GLVDUWLFXODWHGDQGMXPEOHGLQWKUHHVHSDUDWHFRQFHQWUDWLRQV7KHDEVHQFHRIDQLPDOVRQWKHQRUWKHDVW
FRUQHULVP\VWHULRXVDOPRVWDVLIWKHUHZDVDVSHFLHPLVVLQJWRFRPSOHWHWKHSLFWXUH,WLVKDUGWRPDNH
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

)LJXUH3ODQYLHZRI2IUHQGDLQWKH6XQ3\UDPLG'UDZLQJ16XJL\DPD
DQ\DVVHVVPHQWRIWKHPHDQLQJEHKLQGWKLVEXWKHUH,RQO\QRWHWKHDEVHQFHRIDQ\VHUSHQWUHPDLQVLQWKLV
RIIHULQJFKDPEHUZKHQVXFKUHPDLQVZHUHIRXQGIDLUO\FRQVLVWHQWO\LQWKH0RRQ3\UDPLG
7KHSULPDU\EXULDORIWKHHDJOHKDGVHYHUDODUWLIDFWVLQLWVYLFLQLW\LQFOXGLQJDVPDOOS\ULWHGLVN
ZLWKDVODWHEDFNLQJSODFHGRQWKHORZHUEDFNRIWKHUDSWRU3\ULWHGLVNVZRUQE\VDFULILFLDOYLFWLPVLQWKH
)63KDYHEHHQLQWHUSUHWHGDVtezcacuitlapilliD3RVWFODVVLF1DKXDWOWHUPIRUEDFNPLUURUVZDUQE\VROGLHUV
6XJL\DPD0LUURUVKDYHPXOWLSOHPHDQLQJVDVGHPRQVWUDWHGE\7DXEHLQFOXGLQJDQ
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
DVVRFLDWLRQWRWKHVXQ&DUOVRQ7KHVODWHEDFNHGS\ULWHGLVNZDUQE\WKHHDJOHOLQNVWKLVUDSWRU
WRERWKPLOLWDULVPZDUULRUVDQGVRODUV\PEROLVPYHU\DSSURSULDWHLQWKHSUHVHQWFRQWH[WRIWKH6XQ
3\UDPLG8QOLNHWKH0RRQ3\UDPLGWKHUHZHUHQRKXPDQVNHOHWDOUHPDLQVLQWKHRIIHULQJLQVWHDGWKLV
HDJOHZDUULRUZDVVDFULILFHG
 7KHVPDOOQXPEHURIDQLPDOVPDGHLWGLIILFXOWWRORRNIRUDQ\DGGLWLRQDOSDWWHUQVLQWKHIDXQDO
DVVHPEODJH+RZHYHUKHUH,PHQWLRQWKDWHYHQWKRXJKRQO\WZRLQGLYLGXDOVFRXOGEHVH[HGWKH\GLG
IROORZWKHJHQHUDORULHQWDWLRQWKDWZDVGLVFXVVHGZLWKWKHIDXQDLQ(QWLHUURVDQG,QWKLVRIIHULQJD
FRPSOHWHPDOHHDJOHLVIRXQGLQWKHHDVWHUQVHFWRURUVRXWKDQGDIHPDOHSXPDVNXOOZDVIRXQGWRWKH
ZHVWRUQRUWKRIWKHFKDPEHU8QIRUWXQDWHO\WKHVH[RIWKHZROIEHFDXVHRILWV\RXQJDJHFRXOGQRWEH
GHWHUPLQHG6LPLODUO\LWZDVQRWSRVVLEOHWRVH[WKHUHGWDLOHGKDZN'HVSLWHWKHVPDOOVDPSOHVL]HWKH
SUHFHGHQFHRIVSDWLDOO\VHJUHJDWLQJDGLYLGHEHWZHHQWKHVH[HGLQGLYLGXDOVIURP(QWLHUURVDQGPDNH
WKHSDWWHUQLQ2IUHQGDVLJQLILFDQWDVLWFRQWLQXHVWRGHPRQVWUDWHWKDWWKHVH[RIWKHRUJDQLVPSOD\HGD
FHQWUDOUROHLQLWVGHSRVLWLRQ8QIRUWXQDWHO\WKHRQO\SULPDU\EXULDOGHSRVLWHGLQWKLVRIIHULQJZDVDQDGXOW
HDJOHWKDWGLGQRWDGPLWDVHDVRQDOGHVLJQDWLRQ
7KH5LWXDOL]DWLRQ3URFHVV
5HVXOWVSUHVHQWHGLQWKHSUHYLRXVFKDSWHUVGHPRQVWUDWHWKHPHULWRIDWZRSURQJHGDSSURDFKWR
UHFRQVWUXFWLQJOLIHKLVWRULHVRIWKHDQLPDOV7KHSUHPLHUH[DPSOHRIWKLVDSSURDFKLVDIHPDOHSXPD
VNHOHWRQGHSRVLWHGLQ(QWLHUUR(OHPHQWR([DPLQLQJWKLVLQGLYLGXDO¶VLVRWRSLFYDOXHVRIERWKLWV
WHHWKDQGERQHLWLVSRVVLEOHWRGHWHUPLQHWKDWWKHDQLPDOZDVDOUHDG\FRQVXPLQJKLJKOHYHOVRI&EDVHG
GLHWDOLWWOHDIWHUHLJKWPRQWKVRIDJHDQGFRQWLQXHGWRVXEVLVWRQD&KHDY\GLHWXQWLOLWZDV
VDFULILFHGGXULQJWKHWKFRQVWUXFWLRQSKDVHRIWKH0RRQ3\UDPLG7KHDQLPDOZDVSUREDEO\FDSWXUHGDVD
FXEIHGDEQRUPDOO\KLJKSHUFHQWRI&EDVHGGLHWVRRQDIWHULWVFDSWXUH7KH&GLHWDU\LQSXWPRVWOLNHO\
RULJLQDWHGIURPLWVSURWHLQVRXUFHDVLQGLFDWHGE\WKHDEQRUPDOO\HQULFKHGį1YDOXHVÅPRUH
WKDQRQHWURSKLFOHYHOKLJKHUWKDQWKDWRIWKHORZHVWIHOLGį1YDOXHVÅ5LJKWEHIRUHEHLQJVDFULILFHG
WKLVIHOLGFRQVXPHGWZRUDEELWVRQHRIZKLFKZDVFRRNHGDQGDQXQLGHQWLILHGDYLDQVSHFLPHQ%RWKRI
WKHVHUDEELWVH[KLEWHGį&DSDWLWHÅDQGį&FROODJHQÅYDOXHVWKDWGHPRQVWUDWHG
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
KHDY\UHOLDQFHRQ&EDVHGGLHWZKLFKH[SODLQHGWKHKLJKGHJUHHRI&LQSXWLQWRWKHIHOLG¶VLVRWRSLF
FRPSRVLWLRQ7KLVIHOLGZDVSUREDEO\FRQVXPLQJPHDWVWKDWZHUHUDLVHGRQ&EDVHGGLHWVOLNHWKHVH
UDEELWVWKURXJKRXWLWVLQIDQF\DQGDGROHVFHQFH
'XULQJLWVFDSWXUHRULWVUHVLGHQF\ZLWKLQWKHFLW\FRQILQHVWKHDQLPDOZDVLQMXUHGLQWZR
ORFDWLRQVLWVOHIWIHPRUDOKHDGZDVGLVORGJHGPDNLQJWKHDQLPDOOLPSDQGLWH[SHULHQFHGDEORZWRWKH
EDFNRIWKHKHDG)HOLGVDUHQRWDPLDEOHWRGRPHVWLFDWLRQGXHWRLWVVROLWDU\EHKDYLRUUHTXLULQJODUJHKRPH
UDQJHVDQGDJJUHVVLYHVRFLDOSDWWHUQV1RGRXEWWKLVDQLPDOZDVKLJKO\VWUHVVHGLQVXFKDQDUWLILFLDO
HQYLURQPHQWSUREDEO\FDJHGLQZRRGHQFDJHVVLPLODUWRWKRVHH[FDYDWHGLQ(QWLHUUR7KHVWUHVVRI
FRQILQHPHQWOHGWRDEQRUPDOJQDZLQJEHKDYLRUWKDWUHVXOWHGLQLQFUHGLEO\ZRUQLQFLVRUV$WDURXQG
PRQWKVRIDJHVXFKIHOLGVZRXOGVRRQQRORQJHUWROHUDWHRWKHUIHOLGVLQWKHYLFLQLW\7KHOLJKWEODFNVSRWV
IRXQGRQSXPD¶VSHOWZRXOGKDYHGLVDSSHDUHGE\WKLVDJHDQGWKHVKLQ\JROGHQFRDWFKDUDFWHULVWLFRIDGXOW
SXPDVDQGUHODWLYHO\ODUJHERG\VL]HZRXOGEHHVWDEOLVKHG,WLVDWWKLVDJHWKDWWKHDQLPDOZRXOGKDYH
ORRNHGOLNHDQDGXOWEXWZRXOGKDYHEHFRPHLQFUHDVLQJO\GDQJHURXVWRPDLQWDLQ7KHSXPDZDVEURXJKW
WRWKHULWXDOVSHFWDFOHGXULQJWKHGU\VHDVRQZKHUHLWZDVGHSRVLWHGRQWKHZHVWHUQVHFWRURI(QWLHUUR
ZLWKLWVH[WUHPLWLHVWLHG
:KLOHDVLPLODUO\WKLFNGHVFULSWLRQLVSRVVLEOHIRUPDQ\RIWKHSULPDU\EXULDOVH[KLELWLQJXQLTXH
VNHOHWDOSDWKRORJLHVLQGLFDWLQJRWKHULQMXULHVLQIHFWLRXVGLVHDVHVQXWULWLRQDOVWUHVVDQGSUHSDUDWLRQPDUNV
RWKHUVERUHQRVXUIDFHIHDWXUHVWKDWFRXOGKHOSUHFRQVWUXFWWKHLUOLIHKLVWRULHV3ULPDU\GHSRVLWVZHUH
LQGHHGPRUHOLNHO\WRKDYHHOHYDWHG&LQSXWGXHWREHLQJLQDQDUWLILFLDOHQYLURQPHQWWKDWFRUUHVSRQGHG
WRWKHKLJKHULQFLGHQFHRIVNHOHWDOSDWKRORJLHVDPRQJSULPDU\GHSRVLWV<HWLWDOVRGHPRQVWUDWHGWKDWWKH
FDUQLYRUHSRSXODWLRQZDVVWLOOYHU\KHWHURJHQHRXVZLWKGLIIHUHQWGHJUHHVRIKXPDQFRQWDFWEHLQJ
SUDFWLFHGDPRQJERWKSULPDU\DQGVHFRQGDU\GHSRVLWV,QVRPHFDVHVHVSHFLDOO\DPRQJWKHHDJOHVPDQ\
RIWKHVHFRQGDU\GHSRVLWVZHUHFRQILUPHGWRKDYHDVLPLODUO\HOHYDWHG&EDVHGGLHWMXVWOLNHWKHSULPDU\
EXULDOVWKDWZDVVXSSRUWHGE\WKHGLYHUVHSDWKRORJLFDOLQGLFDWRUVIRXQGDPRQJERWKW\SHVRIGHSRVLWLRQ
$PDOHHDJOHGHSRVLWHGLQ(QWLHUUR(OPHHQWRDOVRH[KLELWHGDFRPSOH[OLIHKLVWRU\
FRPSDUDEOHWRSULPDU\GHSRVLWVXQGHUJRLQJERWKH[WHQVLYHSHULRGRIFRQWDFWZLWKKXPDQJURXSVDQG
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

HODERUDWHSUHSDUDWLRQSURFHVVHV7KLVDQLPDOZDVPRVWOLNHO\FDXJKWDVDFKLFNWREHEURXJKWLQWRWKHFLW\
ZKHUHLWZDVWHWKHUHGE\LWVIHHWIRUDGXUDWLRQVXIILFLHQWWRDOORZDQLQIHFWLRQWRGHYHORSRQERWKLQQHU
WKLJKV7KLVUDSWRUDOVRVXIIHUHGDPLQRUSDWKRORJ\RQLWVOHIWKXPHUXVWKDWZRXOGKDYHDIIHFWHGWKH
KXPHUDOXOQDUMRLQWFDXVLQJUHPRGHOLQJLQWKLVDUHD7KHHDJOHZDVPRVWOLNHO\UDLVHGLQ7HRWLKXDFDQRQD
PL[HG&&GLHW&GLHWDVLQGLFDWHGE\WKHį&DSDWLWHÅDQGį&FROODJHQÅYDOXHV,W
HQMR\HGDFDUQLYRURXVGLHWį1ÅDWURSKLFOHYHOKLJKHUWKDQWKHDYHUDJH/HSRULGYDOXHVį1
Å7KLVVXJJHVWVWKDWWKLVHDJOHPDLQO\FRQVXPHGFRUQIHGSUH\SUREDEO\UDEELWVEUHGLQWKHFLW\DV
DVWDSOHGXULQJLWVFDSWLYLW\
7KHFDXVHRIGHDWKRIWKHDQLPDOLVXQFHUWDLQEXW(OHPHQWRGLGQRWDUULYHWRWKHVDFULILFLDO
VFHQHDOLYHDVLQGLFDWHGE\WKHYDULRXVVXUIDFHPRGLILFDWLRQV2QFHWKHDQLPDOKDGGHFHDVHGDQRSHQLQJ
ZDVPDGHRQWKHQHXURFUDQLXPWRUHPRYHWKHHQFHSKDOLFPDVV/LJKWFXWPDUNVDORQJDFRXSOHRIORQJ
ERQHVFRQILUPWKDWRWKHUVRIWWLVVXHFRXOGKDYHEHHQUHPRYHG3HUIRUDWLRQRQWKHIXUFXOXPVXJJHVWVWKDW
WKHDQLPDOZDVSUHSDUHGWRUHWDLQVNHOHWDOLQWHJULW\DK\SRWKHVLVWKDWLVVXSSRUWHGE\WKHUHODWLYHO\LQWDFW
DQGFRPSOHWHERG\IRXQGGXULQJH[FDYDWLRQV)LEHUVRQWKHERQHVVXJJHVWWKDWWKLVDQLPDOPD\KDYHEHHQ
ZUDSSHG
%DVHGRQWKHVHOLIHKLVWRULHVWKHULWXDOL]DWLRQSURFHVVIRUERWKSULPDU\DQGVHFRQGDU\EXULDOVLV
GHILQHGE\IRXUVWDJHVDFTXLVLWLRQPDQDJHPHQWSUHSDUDWLRQDQGVDFULILFHDQGRUGHSRVLWLRQ)LJXUH
7KHGLDJUDPRXWOLQHVHDFKRIWKHVHVWDJHVDQGWKHDUFKDHRORJLFDOFRUUHODWHVEHJLQQLQJZLWKWKHZLOG
DQLPDOWKDWLVHLWKHUFDSWXUHGDOLYHRUNLOOHG7KLVPRGHOEHJLQVZLWKWKHZLOGDQLPDOGHVSLWHWKHKLJK
IUHTXHQF\RILQIDQWDQG\RXQJDQLPDOVVDFULILFHGEHFDXVHWKHUHLVVWLOOQRGLUHFWHYLGHQFHRIDFWLYH
EUHHGLQJRIWKHVHZLOGFDUQLYRUHVDWWKHVLWH+RZHYHULWLVDSSDUHQWWKDWZKHQDQLPDOVZHUHFDXJKWWREH
NHSWLQFRQILQHPHQWMXYHQLOHVDQGLQIDQWVZHUHIDYRUHGSUREDEO\EHFDXVHWKH\DUHERWKOHVVGDQJHURXVDQG
HDVLHUWRWDPHWKDQDGXOWFDUQLYRUHV7KHLVRWRSLFGDWDZLWKHQULFKHGį&YDOXHVRQWHHWKDQGERQHDOVR
VXSSRUWWKLVK\SRWKHVLV
7KHDQLPDOZDVFDSWXUHGDOLYHRUZDVEURXJKWEDFNSRVWPRUWHP,QWKHODWWHUFDVHLWFRXOGEH
KXQWHGDQGNLOOHGRQWKHVSRWRUPD\KDYHEHHQDFTXLUHGVHFRQGDULO\DIWHUWKHIOHVKDQGRWKHUVRIWWLVVXH
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
)LJXUH0RGHORIWKHULWXDOL]DWLRQSURFHVVEHJLQQLQJZLWKWKHOLYHDQLPDOXQWLOLWVGHSRVLWLRQLQWR
WKHRIIHULQJLQIRXUVWDJHV

KDGDOUHDG\GHWHULRUDWHG0RVWOLNHO\\RXQJFDUQLYRUHVZHUHIDYRUHGIRUFDSWXUHWRIDFLOLWDWH
PDQLSXODWLRQDQGWUDQVSRUWEDFNWRWKHFLW\2QWKHRWKHUKDQGPRUHGLYHUVHDJHJURXSVZHUHUHSUHVHQWHG
DPRQJSUHSDUHGGHSRVLWV6RPHLQMXULHVPD\KDYHEHHQLQIOLFWHGGXULQJFDSWXUHVXFKDVDEORZWRWKH
KHDGDQGRUH[WUHPLWLHVWKDWFDQEHLGHQWLILHGLQWKH]RRDUFKDHRORJLFDOUHFRUG
7KHZLOGDQLPDOPD\KDYHEHHQVHL]HGLPPHGLDWHO\SULRUWRLWVGHSRVLWLRQ²LQZKLFKFDVHQR
SDWKRORJLFDORUGLHWDU\LQGLFDWRUVZRXOGEHGLVFHUQDEOH²RULQDQWLFLSDWLRQRIWKHULWXDO7KLVODWWHU
VFHQDULRZRXOGDULVHLIWKHUHZHUHODUJHSUHGHWHUPLQHGQXPEHURIDQLPDOVWKDWPXVWEHVDFULILFHGDWRQFH
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
EXWWKDWPXVWQHFHVVDULO\EHJDWKHUHGRYHUDORQJSHULRGRIWLPH6XFKDSODQQLQJSHULRGZRXOGUHTXLUH
ORQJWHUPFDSWLYLW\RIWKHDQLPDOVWKDWZRXOGUHVXOWLQVNHOHWDOSDWKRORJLHVLQGLFDWLRQRIVWUHVVDQGD
FKDQJHLQGLHWDVUHIOHFWHGE\HQULFKHGį&DQGį1YDOXHV
6RPHWLPHVWKHVHDQLPDOVUHVHUYHGIRUULWXDOVDFULILFHPD\KDYHGLHGEHIRUHWKHGDWHRIWKHULWXDO
LQZKLFKFDVHWKH\ZHUHTXLFNO\SUHSDUHGWRSUHVHUYHVNHOHWDOLQWHJULW\DQGWRSUHYHQWGHFRPSRVLWLRQ
7KLVSDWWHUQZDVSDUWLFXODUO\SUHYDOHQWDPRQJWKHHDJOHVDVSHFLHVWKDWH[KLELWHGVHFRQGDU\GHSRVLWVZLWK
LQGLFDWLRQVRIFDSWLYLW\DORQJVLGHVXUIDFHPRGLILFDWLRQVDQGFKDQJHVLQHOHPHQWGLVWULEXWLRQWKDWPDUNHG
H[SOLFLWSRVWPRUWHPPDQLSXODWLRQ+XQWHGDQLPDOVZRXOGDOVRXQGHUJRSUHSDUDWRU\SURFHGXUHVWKDW
H[WUDFWHGWKHVRIWWLVVXHIURPWKHEUDLQFDVHDQGUHPRYHGWKHSHOWIHDWKHUVDQGRWKHUVHFRQGDU\SURGXFWV
&XWPDUNVSHUIRUDWLRQVDQGFKDQJHVLQWKHERG\UHSUHVHQWDWLRQZHUHIRXQGDPRQJWKHVHULWXDO
SDUDSKHUQDOLD2QWKHRWKHUKDQGWKHODFNRIVXFKPRGLILFDWLRQVDORQJZLWKHYLGHQFHRIDEQRUPDO
ZHDWKHULQJSDWWHUQVPD\EHDQLQGLFDWLRQWKDWDQLPDOERQHVZHUHJDWKHUHGSRVWGHFRPSRVLWLRQWREH
PRGLILHGLQWRIDXQDODUWLIDFWV
,QWKHILQDOVWDJHRIWKHUHFRQVWUXFWLRQDQLPDOVZRXOGHQWHUWKHULWXDOVFHQHHLWKHUDOLYHWREH
VDFULILFHGRUSRVWPRUWHP9DULRXVSUHSDUDWRU\VWHSVZHUHWDNHQDWWKLVSRLQWLQFOXGLQJRWKHULQWHQWLRQDO
LQMXULHVWRDLGPDQLSXODWLRQDQGWUDQVSRUWXVXDOO\WRDQLPDOVQRWWDPHGDOUHDG\SUHSDUDWLRQDQGIHHGLQJ
RIUDEELWVWRVRPHRIWKHVDFULILFLDOYLFWLPVW\LQJXSH[WUHPLWLHVRUGHSRVLWHGLQFRQILQHPHQWPDPPDOV
LQFDJHVUDWWOHVQDNHLQEDVNHWDUUDQJLQJDQLPDOVLQWRDV\PEROLFFRQILJXUDWLRQDQGOLYHEXULDO,IWKH
DQLPDOZDVDVHFRQGDU\GHSRVLWWKH\ZHUHDOVRSODFHGLQDV\PEROLFOD\RXWDQGVRPHWLPHVZRXOGKDYH
EHHQVSULQNOHGZLWKUHGSLJPHQW
7KLVUHFRQVWUXFWLRQRIWKHULWXDOL]HGSURFHVVKLJKOLJKWVWKHPDWHULDOWUDFHVRIKXPDQDQLPDO
HQFRXQWHUVLQFOXGLQJLQLWLDOFRQWDFWSK\VLFDOLQWHUDFWLRQZKLOHWKHDQLPDOZDVDOLYHDVZHOODVWKHORQJ
WHUPSODQQLQJPDQDJHPHQWDQGSUHSDUDWLRQWKDWZHQWLQWRHDFKGHSRVLW,WDOVRKLJKOLJKWVWKHFRPSOH[LW\
LQFRRUGLQDWLQJWKHULWXDOVSHFWDFOH7KLVSUHSDUDWLRQSURFHVVLQFOXGHGVSHFLHVHOHFWLRQZKDWWKH
DSSURSULDWHQXPEHURIHDFKVSHFLHVVKRXOGEHZKDWDQLPDOVVKRXOGEHIHGSULRUWRWKHLUVDFULILFHDQG
HYHQWKHVH[RIWKHDQLPDOVFKRVHQWRSDUWLFLSDWHLQWKHULWXDO$OORIWKHVHIDFWRUVZHUHGLFWDWHGE\WKHLU
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
FRVPRORJLFDOVLJQLILFDQFHDQGWKHPHDQLQJVDWWULEXWHGWRHDFKRIWKHGHGLFDWRU\ULWXDOV)RU(QWLHUURV
DQGWKDWGHPRQVWUDWHDZHOOFRRUGLQDWHGDVVHPEODJHWKLVSURFHVVZRXOGKDYHUHTXLUHGORQJWHUP
SODQQLQJRIERWKRIIHULQJVLQXQLVRQHYHQWKRXJKWKH\ZRXOGKDYHWDNHQSODFHDWVHSDUDWHPRPHQWVRI
WLPH7KXVWKLVORQJSURFHVVZKHUHE\WKHDQLPDOLVWUDQVIRUPHGIURPDZLOGFDUQLYRUHLQWRDVDFULILFLDO
YLFWLPRUULWXDOREMHFWPXVWEHFRQVLGHUHGZKHQLQWHUSUHWLQJWKHUROHRIDQLPDOVLQGHGLFDWRU\FDFKHV



 
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&+$37(5
$QLPDOVWKDW5HVLGHLQWKH6DFUHG0RXQWDLQ7KH0HDQLQJRI$QLPDOV
7KLVGLVVHUWDWLRQUHFRQVWUXFWHGWKHULWXDOL]HGSHUIRUPDQFHWKURXJKGHWDLOHGDQLPDOELRJUDSKLHV
%RWKVDFULILFLDOYLFWLPVDQGIDXQDOULWXDOREMHFWVHVWDEOLVKHGFRPSOH[UHODWLRQVKLSVZLWK7HRWLKXDFDQ¶V
LQKDELWDQWVDVWKH\ZHUHVHHQKHDUGDQGH[SHULHQFHGLQFRQILQHPHQWDVZHOODVGXULQJWKHGHGLFDWRU\DFW
LWVHOI,KDYHLQWURGXFHGDQLPDOVDVDFWLYHDJHQWV²OLYLQJVHQWLHQWEHLQJV²WKDWLQWHUDFWHGZLWKKXPDQV
WKURXJKYDULRXVPHDQVGXULQJWKHULWXDOL]HGSHUIRUPDQFH1RZWKDWZHXQGHUVWDQGWKHULWXDOL]DWLRQ
SURFHVVLWLVWLPHWRTXHVWLRQWKHXQGHUO\LQJPHDQLQJVDWWDFKHGWRWKLVJURXSRIDQLPDOVDQGKRZWKHVH
DQLPDOVGLUHFWO\FRQWULEXWHGWRGHILQLQJWKHVRFLRSROLWLFDOODQGVFDSH,QWKHIROORZLQJVHFWLRQ,EHJLQE\
DUJXLQJWKDWWKHVHDQLPDOVZHUHFRQYHUWHGLQWRNH\V\PEROV7KHVHDQLPDOVZHUHHVWDEOLVKHGZLWKLQWKH
HWKQR]RRORJLFDOFODVVLILFDWLRQV\VWHPVDW7HRWLKXDFDQDVKLJKO\UHVWULFWHGDQGHPSRZHUHGDQLPDOV
DQDORJRXVWRWKH7HRWLKXDFDQVWDWH
$QLPDOVSDUWLFLSDWHGLQWKHGHGLFDWRU\DFWLQWZRIRUPVDVOLYHVDFULILFLDOYLFWLPVDQGDVULWXDO
SDUDSKHUQDOLD6XPPDUL]LQJVRPHRIWKHILQGLQJV,H[DPLQHZKDWWKHGLIIHUHQFHVLQWKHVHWZR
SUHVHQWDWLRQVVLJQDOHGDQGKRZWKH7HRWLKXDFDQRVHPSKDVL]HGGLIIHUHQWIRUPVWKURXJKWLPH
6XEVHTXHQWO\,IRFXVRQWKHIRXUWKFRQVWUXFWLRQSKDVHWRDUJXHWKDWGHGLFDWLRQULWXDOVRI(QWLHUURVDQG
ZHUHWKHSURFHVVHVE\ZKLFKFDUQLYRUHVZHUHWUDQVIRUPDWLRQLQWRNH\V\PEROVIRUWKHILUVWWLPH7KLVLV
ZK\PDQ\RIWKHVHDQLPDOVZHUHFRQVHFUDWHGLQWRVDFULILFLDOYLFWLPVDVWKH\HQWHUHGDGLVWLQFWUHDOPRI
KXPDQDQLPDOHQFRXQWHUVXQGRFXPHQWHGZLWKZLOGFDUQLYRUHVSULRUWRWKLVSHULRGDW7HRWLKXDFDQ7KH
IDXQDDUUDQJHGLQ(QWLHUURVDQGDFWLYHO\PDWHULDOL]HGWKHFRVPRJUDPHPEHGGLQJOLYHDQLPDOVWKDW
WUDQVIRUPHGWKLVS\UDPLGLQWRDVDFUHGPRXQWDLQ
2QFHWKHLGHQWLWLHVRIWKHDQLPDOVDVNH\V\PEROVZDVIL[HGWKHUHZDVDVKLIWLQWKHDQLPDO
GLVWULEXWLRQIURPWKHGHGLFDWRU\FRPSOH[HVWKDWEHJLQVZLWKDQLPDOVGHILQLQJWKHSODFHRULHQWLQJWKH
ULWXDOL]HGFRQWH[WWRRQHLQZKLFKWKHDQLPDOVEHJLQWRUHIHUHQFHHLWKHUDJURXSRILQGLYLGXDOVRUNH\
SHUVRQVGHSRVLWHGLQWKHRIIHUWRU\FKDPEHU$VWKHPRQXPHQWZDVDPSOLILHGUHFRQVWUXFWHGDQG
281
UHFRQILJXUHGVRZDVWKHVRFLDOLGHQWLWLHVRIWKHDQLPDOVDQGWKHLUVLJQLILFDQFH7KHVHULWXDOL]HG
SHUIRUPDQFHV³QDWXUDOL]HG´WKHVRFLRSROLWLFDOODQGVFDSH
$QLPDODV6\PEROV
 0DQ\RIWKHIDXQDIRXQGLQWKHGHGLFDWRU\ULWXDOVIURP7HRWLKXDFDQZHUHDQLPDOVWKDWZHUH
XWLOL]HGWKURXJKRXW0HVRDPHULFDLQWKHSDVWDQGFRQWLQXHWRSOD\DGRPLQDQWUROHDPRQJPRGHUQ
LQGLJHQRXVFRPPXQLWLHVDVSURPLQHQWEHLQJVUXOHUVGHLWLHVZDUULRUVVKDPDQVHWFDVVRFLDWHGZLWK
YDULRXVQDWXUDOIRUFHVZDWHUIHUWLOLW\WKXQGHUUDLQHWF,GRQRWJRLQWRH[WHQVLYHGHWDLORQWKH
V\PEROLVPRIHDFKRIWKHVHDQLPDOVVHHVXPPDU\LQ&KDSWHUEHFDXVHWKHSUHVHQWVWXG\FRQFHQWUDWHV
RQWKHSURGXFWLRQRINH\V\PEROVDQGKRZWKH\DVDXQLWVHUYHGWRGHILQHWKHPRQXPHQWVLQZKLFKWKH\
ZHUHHPEHGGHG
6SHFLHVUHSUHVHQWDWLRQFRXOGEHDJRRGVWDUWLQJSRLQWWRLGHQWLI\VHOHFWDQLPDOFDWHJRULHV
6HUMHDQWVRQ,WLVDSSDUHQWWKDWWKHVDPHDFWRUVUHDSSHDUWKURXJKRXWWKHGLIIHUHQWRIIHUWRU\
FRQWH[WVDQGLQWKH7HRWLKXDFDQLFRQRJUDSK\VXJJHVWLQJWKDWLQVWHDGRILQFRUSRUDWLQJWKHGLYHUVLW\
SUHVHQWLQWKHORFDOODQGVFDSHVSHFLILFVSHFLHVZHUHUHSHDWHGO\HPSKDVL]HG7KHVHZHUHWKHDQLPDOV
UHVHUYHGIRUWKH7HRWLKXDFDQVWDWHDQDIILOLDWLRQWKDWZDVIRUPHGDQGUHLQIRUFHGWKURXJKWKHLUXVHLQVWDWH
VSRQVRUHGULWXDOVSHFWDFOHV7KLVZDVWKHUHDVRQZK\WKHRQO\FRPSOHWHDQLPDOVZHUHWKHVHNH\IDXQDWKH
IHOLGPDLQO\SXPDWKHZROIWKHHDJOHDQGWKHUDWWOHVQDNH7KHRQO\H[FHSWLRQZDVDUDYHQIRXQGLQ
(QWLHUURWKDWZDVSUREDEO\FRPSOHWH
7KH7HRWLKXDFDQRVFKRVHWKHVHDQLPDOVEHFDXVHWKH\KDYHORQJKHOGDSURPLQHQWUROHLQQDWLYH
RQWRORJLHVWKDWZHUHGHHSO\URRWHGSULRUWRWKHGHYHORSPHQWRI7HRWLKXDFDQ7KH\ZHUHV\PEROVZLWK
YHU\VWURQJLGHRORJLFDOEDFNLQJGUDZLQJRQWUDGLWLRQDOVRXUFHVRISRZHU:KDWPDGHWKH7HRWLKXDFDQ
FDVHXQLTXHZDVWKDWWKH\GUDPDWLFDOO\FKDQJHGWKHLULQWHUDFWLRQZLWKWKHVHDQLPDOVLQDQDFWLYHDQG
LQWHQWLRQDOPDQQHU0RUHLPSRUWDQWO\WKHUHZDVDQHIIHFWLYHRXWOHWWRGLVSOD\DQGKDYHWKHSDUWLFLSDQWV
HPERG\WKLVQHZKXPDQDQLPDOFRQQHFWLRQ7KHVHV\PEROVVWRRGWRUHSUHVHQWQRWMXVWDPHWDSKRULFDOOLQN
WRWUDGLWLRQDOVRXUFHVRISRZHUDVSURPLQHQWFDUQLYRUHVRQWKHODQGVFDSHEXWSK\VLFDOO\ZHUHPDQLSXODWHG
KDQGOHGPRVWOLNHO\SDUDGHGDURXQGWKHFLW\GUDZLQJDYLYLGDQGGLUHFWLQWHUDFWLRQ
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
)LJXUH0XUDOSDLQWLQJRIDOWHUQDWLQJIHOLGDQGFDQLGIURP$WHWHOFRORZHUUHJLVWHU3DWLR%ODQFR
3RUWLFRHDVWHUQZDOO3KRWRJUDSKE\16XJL\DPD

7KLVUHQHZHGXQGHUVWDQGLQJRIKXPDQDQLPDOLQWHUDFWLRQVDW7HRWLKXDFDQUHTXLUHVDIUHVKORRNDW
WKHDQLPDOVLQWKHPXUDOSDLQWLQJVDW7HRWLKXDFDQ7KHVHODUJHFDUQLYRUHVDUHVRPHRIWKHPRVWSURPLQHQW
ILJXUHVLQ7HRWLKXDFDQLFRQRJUDSK\$WWKH$WHWHOFRDSDUWPHQWFRPSRXQGDIHOLGDQGFDQLGDOWHUQDWH
PDUFKLQJLQSURFHVVLRQDORQJWKHORZHUZDOOVGHYRXULQJDWULOREHGKHDUWGLUHFWO\DOOXGLQJWRWKHSUDFWLFH
RIKHDUWVDFULILFH)LJXUH7KHVHPXUDOVGHSLFWHGDQLPDOVWKDWZHUHSK\VLFDOO\SUHVHQWLQWKHFLW\
FRQILQHV7KHLUFDUQLYRURXVJHVWXUHVGHSLFWHGLQWKHVHVFHQHVZRXOGKDYHEHHQYLYLGO\KHDUGDQG
H[SHULHQFHGE\WKHUHVLGHQWVRI7HRWLKXDFDQUHLQIRUFLQJWKHYHU\VDPHSURSHUWLHVRIWKHEHDVWWKDWPDGH
WKHPSRZHUIXOLFRQVLQWKHILUVWSODFH
 %HORZ,H[SODLQKRZWKHVHDQLPDOVZHUHFRQYHUWHGLQWRNH\V\PEROVGXULQJWKHFRQVWUXFWLRQRI
WKHIRXUWKEXLOGLQJHSLVRGH,WLVWKURXJKWKHULWXDOL]HGSHUIRUPDWLYHDFWVDVVDFULILFLDOYLFWLPVDQGDVULWXDO
SDUDSKHUQDOLDWKDWWKHVHDQLPDOVZHUHH[SHULHQFHGDVDFWLYHHOHPHQWVLQWKHRUJDQL]DWLRQRIWKH
VRFLRSROLWLFDOODQGVFDSHDVWKH\WRRNRQWKHUROHDVNH\V\PEROVRIWKH7HRWLKXDFDQVWDWH
2QFHWKH\ZHUHFRQYHUWHGLQWRV\PEROVWKH\ZHUHHPEHGGHGLQWRWKHVRFLDOPHPRU\RIWKH
SDUWLFLSDQWVFRQWLQXRXVO\DIILUPHGWKURXJKLWVUHSHWLWLYHXVHDQGUHSUHVHQWDWLRQ7KLVLVZK\WKHYHU\
VDPHVSHFLHVNHHSUHDSSHDULQJWKURXJKRXWWKH7HRWLKXDFDQRFFXSDWLRQERWKLQWKHVXEVHTXHQWGHGLFDWRU\
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RIIHULQJVEXWDOVRLQWKH7HRWLKXDFDQLFRQRJUDSKLFUHSHUWRLUH(YHQDIWHUWKHFRPSOHWLRQRI%XLOGLQJ
DQGWKHWZRGHGLFDWRU\FDFKHVWKHVHDQLPDOVFRQWLQXHGWREHDIILOLDWHGZLWKVWDWHULWXDOVLQWKH
FRQVWUXFWLRQRI%XLOGLQJVDQGRIWKH0RRQ3\UDPLGWKHPRQXPHQWDOFRQVWUXFWLRQRIWKH6XQ3\UDPLG
DQGHYHQLQWKH)HDWKHUHG6HUSHQW3\UDPLG7RDOHVVHUGHJUHHWKH\FRQWLQXHGWREHXVHGDVVDFULILFLDO
YLFWLPVEXWVSHFLILFERG\SDUWVOLNHWKHKHDGDQGZLQJVZHUHLQFRUSRUDWHGLQWRWKHULWXDOVFHQH
UHIHUHQFLQJWKHFRQQHFWLRQRIWKHVHDQLPDOVWRWKHVWDWH,QWKHDSDUWPHQWFRPSRXQGVWKHVHFDUQLYRUHV
FRQWLQXHGWREHGUDZQDVDFWLYHEHLQJVPDUFKLQJLQSURFHVVLRQKXQWLQJDQGFRQGXFWLQJVDFUDODFWVOLNH
VDFULILFHVIHOLGVGHYRXULQJKHDUWFR\RWHZROIZLWKVDFULILFLDONQLIHHWF1RGRXEWWKHSHOWVDQGIHDWKHUV
H[WUDFWHGIURPWKHVHFDUQLYRUHVZHUHDOVRXWLOL]HGDVWKH\ZRXOGKDYHDGRUQHGUXOHUVZDUULRUVDQGRWKHU
UHOLJLRXVDQGSROLWLFDOSHUVRQQHO
7KHDERYHDQDO\VHVGHPRQVWUDWHGVHYHUDONH\DVSHFWWKDWGHILQHIHOLGVFDQLGVHDJOHVDQG
UDWWOHVQDNHDVNH\V\PEROVRI7HRWLKXDFDQWKH\ZHUHGUDZLQJRQWUDGLWLRQDOVRXUFHVRISRZHUWKH\ZHUH
YLVXDOO\UHFRJQL]HGDQGHPSKDVL]HGZLWKDFOHDUFRQQHFWLRQWRWKHLQVWLWXWLRQWKH\GHOLEHUDWHO\
FRQVWUXFWHGDZRUOGRUGHUWKDWZDVOLQNHGWRWKHVWDWHDQGRQFHWKH\ZHUHGHILQHGDVNH\V\PEROVWKH\
ZHUHFRQWLQXRXVO\PDLQWDLQHGDQGDIILUPHGDVVXFK&KDSWHU7KH7HRWLKXDFDQFDVHH[DPLQHGKRZ
DQLPDOVZHUHFRQVWUXFWHGDVVWDWHV\PEROVYLDHVWDEOLVKLQJSK\VLFDOUHODWLRQVKLSVZLWKWKHVHDQLPDOV
WKURXJKFDSWLYLW\DQGWKURXJKWKHLUSDUWLFLSDWLRQLQVWDWHULWXDOV1RZ,GLVFXVVWKHGHWDLOVRIWKHWZR
IRUPVLQZKLFKDQLPDOVSDUWLFLSDWHGLQWKHULWXDOVSHFWDFOHDVVDFULILFLDOYLFWLPVDQGULWXDOSDUDSKHUQDOLD
&RQVWUXFWLQJWKH6DFULILFLDO9LFWLP
 ,DUJXHWKDWRQHRIWKHNH\SURFHVVHVWKDWGHILQHGDQLPDOVDVNH\V\PEROVRIWKH7HRWLKXDFDQVWDWH
ZDVWKURXJKFRQVWUXFWLQJWKHVHDQLPDOVDVVDFULILFLDOYLFWLPV,Q&KDSWHU,XWLOL]HGDQH[DPSOHRI$]WHF
KXPDQVDFULILFHVGXULQJWKH7R[FDWOIHVWLYDOWRRXWOLQHWKHSURFHVVHVE\ZKLFKDKXPDQYLFWLPZDVVHW
DSDUWWUDQVIRUPHGLQWRWKHGHLW\7H]FDWOLSRFDIRUD\HDUEHIRUHWKHJUDQGVODXJKWHU&DUUDVFRD
/ySH]$XVWLQ6DFULILFHZDVGHILQHGDVWKHSURFHVVE\ZKLFKDQDQRQ\PRXVKXPDQDQLPDO
XQGHUJRHVDKLHURSKDQ\JLYHQDJHQF\SXUSRVHLGHQWLW\DQGPHWDSK\VLFDOVWDQGLQJFRQVHFUDWHGLQWRWKH
XOWLPDWHVDFULILFLDOYLFWLP,EHOLHYHWKLVSURFHVVZDVQRWVSHFLILFWRKXPDQVDFULILFHVDQGVHYHUDO
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DUFKDHRORJLFDODQGHWKQRJUDSKLFFDVHVWXGLHVGHPRQVWUDWHSDUDOOHOVLQWKHZD\VWKHLGHQWLW\RIDQLPDO
YLFWLPVZHUHVLPLODUO\FRQVWUXFWHG
$V0F.XVLFNULJKWIXOO\SRLQWVRXWWKHUHLVDGLVWLQFWLRQEHWZHHQELUGVRIULWXDOFHUHPRQ\
DQGVDFULILFHZKHUHE\HYHU\WKLQJLVGHOLEHUDWHDERXWELUGVRIVDFULILFHDPRQJPRGHUQQDWLYHFRPPXQLWLHV
OLYLQJLQVRXWKZHVWHUQ8QLWHG6WDWHV1RWKLQJLVEDVHGRQRSSRUWXQLVWLFSURFXUHPHQWZLWKVSHFLILFUXOHV
DQGUHJXODWLRQVJRYHUQLQJHDFKDFWLRQLQFOXGLQJKRZIDPLOLHVKDYHGHVLJQDWHG]RQHVZKHUHWKH\FDQJR
FDWFKWKHVHHDJOHV)HZNHVKRZFDXJKWHDJOHWVPXVWEHFDUULHGE\VSHFLILFEDVNHWVRUPLQLDWXUH
FUDGOHERDUGVKRZER\VPXVWKXQWDQGIHHGWKHVHHDJOHWVDQGKRZVSHFLDOPLQLDWXUHEODQNHWVDUHZRYHQ
IRUWKHLUEXULDOLQDDSSRLQWHGHDJOHFHPHWHU\0F.XVLFN7KHVHHDJOHVXVXDOO\PHHWWKHLUIDWH
DURXQGWKHVDPHDJHULJKWDURXQGWKH6SULQJHTXLQR[WKH\HDUDIWHUWKH\DUHERUQGXULQJWKHLUSULPH
SOXPDJH7KLVHWKQRJUDSKLFGHVFULSWLRQKDVEHHQXWLOL]HGWRLQWHUSUHWWKHODUJHDVVHPEODJHRIDYLDQFDJHV
WKDWKRXVHGWXUNH\VDQGPDFDZVDWWKHFHUHPRQLDOFHQWHURI3DTXLPp&DVDV*UDQGHV'L3HVRHWDO
0F.XVLFN7KLVFDVHVWXG\KLJKOLJKWVDNH\SRLQWRIGLVWLQJXLVKLQJVDFULILFLDODQLPDOVDVDGLVWLQFW
FDWHJRU\FDXJKWDQGNHSWLQFRQILQHPHQWVSHFLILFDOO\IRUVDFULILFHZKLOHRWKHUELUGVRIWKHVDPHVSHFLHV
ZRXOGKDYHEHHQNHSWIRURWKHUULWXDOSXUSRVHVWKURXJKJHQHUDORSSRUWXQLVWLFSURFXUHPHQW
1RWDOODQLPDOVFDQEHOXPSHGLQWRWKHVDPHFDWHJRU\/RVH\HWDODUJXHVWKDWHYHQ
ZLWKLQDFDWHJRU\RIDQLPDOVHDFKDQLPDOZDVQRW³HQVRXOHG´EHFDXVHQRWDOODQLPDOVHVWDEOLVKHGD
UHODWLRQVKLSZLWKKXPDQV6LPLODUO\VRPHMDJXDUVZHUHPDVWHUJXDUGLDQVSLULWVPRUHSRZHUIXODQG
GDQJHURXVZKLOHRWKHUVZHUHZLWKLQDJHQHUDOFDWHJRU\RIMDJXDUV5HFRQVWUXFWLQJWKHVRFLDOOLIHRI
DQLPDOVGLVWLQJXLVKHVWKRVHWKDWSDUDOOHOKXPDQOLYHVGHILQHWKRVHLQGLYLGXDODQLPDOVWKDWZHUHPRVW
LQWLPDWHO\LQYROYHGZLWKKXPDQV7KLVLVUHIOHFWHGLQWKHWUHDWPHQWRIWKHERG\DWGHDWKWKDWFDQ
GLVWLQJXLVKDQLPDOVRXOVWKDWMXVWF\FOHEDFNLQWRDFROOHFWLYHIRUWKDWVSHFLHVOLNHWKHERQHVUHWXUQHGWRD
KXQWLQJVKULQH%URZQDQGRWKHUVWKDWUHWDLQLQGLYLGXDOLW\RUXQLTXHQHVVHYHQDIWHUGHDWKDVLQWKH
FDVHRIGRJDQGZROIGHSRVLWVIURP&LV%DLNDO6LEHULDWKDWDFFRPSDQLHGKXPDQEXULDOVWUHDWHGVLPLODUWR
KXPDQERGLHV/RVH\HWDO
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$FDVHVWXG\RIEHDUFHUHPRQLHVFRQGXFWHGE\WKH$LQXSURYLGHDQRWKHUSRLQWRIUHIHUHQFH7KLV
FHUHPRQ\ZKHUHE\$LQXFRPPXQLWLHVEULQJDFXELQWRWKHYLOODJHWREHUDLVHGWKHUHIRUD\HDUSULRUWR
NLOOLQJWKHFXEKDVEHHQDUJXHGWREHHLWKHUDUHSOLFDWLRQRIWKHSHUIHFW³KXQW´6PLWKRUDYLVLW
DQGUHWXUQRIWKHkamuyVSLULW.LPXUD.LWDJDZD0\LQWHUHVWLQWKLVULWXDOOLHVQRWLQLWV
GHILQLWLRQRIWKLVULWXDODVDKXQWJLIWRUVDFULILFHEXWLQWKHSURFHVVHVE\ZKLFKDQLQGLYLGXDOEHDULV
LVRODWHGIURPWKHIRUHVWLGHQWLI\LQJLWDVWKHDQLPDOIRUPRIWKHkamuyVSLULWWKDWLVGHYHORSHGGXULQJLWV
FRQILQHPHQWRIIHULQJVDUHPDGHWRWKHDQLPDOZKRLVHYHQWXDOO\VODLQDQGLWVPHDWFRQVXPHG.LPXUD
%ULQJLQJWKHZLOGDQLPDOLQWRWKHFRPPXQLW\LVWKHYHU\PHDQVRIKRZWKHDQLPDO¶VLGHQWLW\ZDV
FRQVWUXFWHGLQWKLVFDVHDVWKHkamuyVSLULWVHWWLQJWKHEHDUDSDUWIURPDQ\RWKHUEHDULQWKHIRUHVW7KH
ERGLO\SUHVHQFHRIWKHDQLPDOZKHUHLWZDVIHOWKHDUGIHGDQGVHHQZHUHWKHPHDQVRIHVWDEOLVKLQJDUHDO
SK\VLFDOFRQQHFWLRQZLWKWKLVDQLPDOWUDQVIRUPLQJLWVLGHQWLW\
$PXOWLPHWKRGRORJLFDODQDO\VLVRI,QFDFKLOGVDFULILFHVIRXQGLQWKH$QGHDQVXPPLWVSURYLGHD
PHWKRGRORJLFDOPRGHORIKRZWKHELRJUDSKLHVRIWKHVHVDFULILFLDOYLFWLPVFDQEHUHFRQVWUXFWHG'XHWRWKH
SULVWLQHSUHVHUYDWLRQRIWKHPXPPLILHGERGLHVGHWDLOHGDUFKDHRORJLFDOLVRWRSLFDQGPW'1$DQDO\VHV
EDFNHGE\WKHWKLFNFRORQLDODQGHWKQRJUDSKLFGHVFULSWLRQVRI,QFDULWXDOSUDFWLFHSURYLGHGWKHEDVLVIRUD
IXOOUHFRQVWUXFWLRQRIWKHOLIHKLVWRULHVRIIRXUVDFULILFLDOFKLOGUHQ:LOVRQHWDO7KHGLHWRIWKHVH
YLFWLPVDQDO\]HGE\VKLIWVLQFDUERQDQGQLWURJHQLVRWRSHVRIKDLULQGLFDWHGWKDWVRPHRIWKHLUGLHWV
VKLIWHGFRQVLGHUDEO\PRUH&IRRGVWXIIVDQGLQFUHDVHGPHDWFRQVXPSWLRQFLUFDRQH\HDUSULRUWRWKHLU
VDFULILFH:LOVRQHWDO+\GURJHQDQGR[\JHQYDOXHVFKDQJHGEHIRUHGHDWKDPRQJDOOWKHFKLOGUHQ
UHSUHVHQWLQJDQH[WHQGHGMRXUQH\WRZDUGWKHVXPPLWVWDUWLQJDERXWD\HDUEHIRUHWKH\PHWWKHLUIDWH
:LOVRQHWDO'1$RIWKHKDLUIURPEDJVFDUULHGE\WKHFKLOGUHQGHPRQVWUDWHGWKDWWKHLUKDLUZHUH
FXWLQRQHFDVHVL[PRQWKVSULRUWRVDFULILFHSUREDEO\DVDPDUNHURIDVHSDUDWLRQIURPDSUHYLRXVOLIH
SKDVHRQFHKHUGXWLHVDVDYLFWLPZDVHVWDEOLVKHGDQGKHUVWDWXVZDVHOHYDWHG:LOVRQHWDO7KH\
ZHUHGUXQNIURPchichaPDL]HEHHUWRQXPEWKHLUVHQVHVLQJHVWHGFRFDOHDYHVDQGRWKHUKDOOXFLQRJHQLF
GUXJVDFKLRWHBixa orrellana:LOVRQHWDO/LNHWKH$]WHF7R[FDWOIHVWLYDOFKLOGVDFULILFHV
DPRQJWKH,QFDDOVRUHTXLUHGDSHULRGRIVHSDUDWLRQFKDQJHLQVWDWXVLGHQWLW\IRUPDWLRQGLIIHUHGIRRG
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KDELWVDQGPRYHPHQWDFURVVWKHODQGVFDSHWRGHILQHDQGH[SRVHWKHVHOHFWHGLQGLYLGXDOVWRWKHSXEOLFDV
WKHLULGHQWLW\DVVDFULILFLDOYLFWLPVZHUHFRQVROLGDWHG
,QWKHFDVHRIVDFULILFLDODQLPDOVIURP7HRWLKXDFDQ,DUJXHWKDWWKHFRQVHFUDWLRQSURFHVVUHFRUGHG
LQWKH]RRDUFKDHRORJLFDODQGLVRWRSLFUHFRUGZDVKRZWKHVHFDUQLYRUHVEHFDPHHPSRZHUHGV\PEROVRIWKH
7HRWLKXDFDQVWDWHEHFRPLQJ³WKHPDVWHURIDQLPDOV´0DQ\RIWKHVHDQLPDOVZHUH³VHOHFWHG´FDSWXUHG
DOLYHWRUHVLGHLQWKHXUEDQFHQWHUGXULQJLWV\RXWK7KHGDLO\LQWHUDFWLRQVZLWKWKH7HRWLKXDFDQSRSXODFH
FRPSOHWHO\WUDQVIRUPHGWKHLGHQWLW\RIWKHVHDQLPDOVDQGKRZWKH7HRWLKXDFDQRVSHUFHLYHGDQG
H[SHULHQFHGWKHVHDQLPDOV'XULQJWKLVSHULRGRIFRQILQHPHQWWKH\ZHUHIHGGUDVWLFDOO\DOWHUHGIRRG
EDVHGRQVWDQGDUGL]HGSUH\UDEELWVEUHGZLWK&IRRGVWXII%URXJKWLQDV\RXQJPDQ\RIWKHDQLPDOV
ZRXOGKDYHVSHQWWKHPDMRULW\RILWVOLIHLQDUWLILFLDOHQYLURQPHQWVFRKDELWDWLQJZLWKKXPDQVWKDWWRRN
FDUHRIIHGDQGSUHSDUHGWKHDQLPDOVWREHFRPHXOWLPDWHVDFULILFLDOYLFWLPV7KLVZDVQRWDQHDV\IHDWDV
LQGLFDWHGE\WKHYDULRXVLQMXULHVSODFHGRQWKHFDUQLYRUHVWKDWSUREDEO\IDFLOLWDWHGWKHLUPDQLSXODWLRQ
/DWHUGHVFULSWLRQVRI³0RFWH]XPD¶V=RR´E\6SDQLVKFRQTXLVWDGRUVJLYHXVDJOLPSVHRIKRZWKH
SRSXODFHZRXOGKDYHH[SHULHQFHGWKHSUHVHQFHRIZLOGFDUQLYRUHVLQWKHFLW\FRQILQHV%ODQFRHWDO
1LFKROVRQ%RWK+HUQDQ&RUWpVDQG%HUQDO'tD]GH&DVWLOORFRPPHQWRQWKHJUDQG
DYLDU\DQGKRXVHRIEHDVWVWKDWERWKEURXJKWDZHDQGJUHDWIHDUWRWKH6SDQLVKVROGLHUVDVWKHORXGLQIHUQDO
QRLVHVRIWKHKLVVHVDQGURDUVFRXOGEHKHDUGWKURXJKRXWWKHQLJKW7KHDELOLW\WRJDWKHUPDQLSXODWHDQG
VXVWDLQVXFKDODUJHSRSXODFHRIH[RWLFDQGIHURFLRXVIDXQDZDVDQH[FHSWLRQDOXQGHUWDNLQJWKDWUHTXLUHGD
WUHPHQGRXVH[SHQGLWXUHH[WHQVLYHELRORJLFDONQRZOHGJHRIWKHKDELWVRIWKHVHFUHDWXUHVNQRZLQJKRZWR
FDSWXUHWKHPZKDWWRIHHGWKHPDQGKRZWRKDQGOHWKHP,WLVXQOLNHO\WKDWWKH\KDGVXFKDQH[WHQVLYH
SURJUDPDW7HRWLKXDFDQOLNHWKHDFWLYHEUHHGLQJSRSXODWLRQVDVGHVFULEHGE\WKHFRORQLDOGRFXPHQWV
+RZHYHULWLVHYLGHQWWKDWE\WKLVWLPHWKH\KDGVXVWDLQHGDWOHDVWDVXEVHWRIWKHVDFULILFHGDQLPDOVIURP
WKHGHGLFDWRU\FDFKHRYHUDPLOOHQQLXPSULRUWRWKH6SDQLVKFRQTXHVW
,WLVKLJKO\SUREDEOHWKDWWKHVHFDSWLYHFDUQLYRUHVZHUHDOVRSURXGO\GLVSOD\HGPD\EHHYHQ
SDUDGHGDURXQGSXEOLFHYHQWVVLPLODUWRKRZGHLW\LPSHUVRQDWRUVRIWKH7R[FDWOIHVWLYDODQG,QFD
VDFULILFLDOFKLOGUHQWUDYHOHGWRGLIIHUHQWFHQWHUV7KHPRYHPHQWRIWKHNH\DQLPDOVMXVWOLNHWKHGHLW\
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LPSHUVRQDWRU¶VYLVLWWRRWKHUQHLJKERULQJFHQWHUVZRXOGKDYHFUHDWHGD³PHWDPRUSKLFYLVLRQRISODFH´
WUDQVIRUPLQJWKHVHORFDWLRQVWRDULWXDOL]HGODQGVFDSH&DUUDVFRD7KHJUDSKLFGHSLFWLRQVRIWKH
YHU\VDPHIHURFLRXVFDUQLYRUHVLQWKHDSDUWPHQWFRPSRXQGVXVXDOO\GHSLFWHGLQSURFHVVLRQDURXQGWKH
ZDOOVPD\DOOXGHWRYLVXDOPHPRULHVRIWKHSUHVHQFHRIWKHVHYHU\VDPHFDUQLYRUHVGXULQJVXFKHYHQWV
&HUWDLQO\NQRZLQJWKDWWKHDQLPDOVZHUHSUREDEO\OLYLQJZLWKLQWKHFLW\FRQILQHVEULQJVQHZDZDUHQHVVWR
WKHDQLPDOLFRQRJUDSK\WKDWFDQQRWPHUHO\EHXQGHUVWRRGDVDPHWDSKRULFDOV\PERORIWKHDQLPDOEXWWKDW
LWLQFRUSRUDWHGDFWLYHGHSLFWLRQVRIDQLPDOVYLHZHGKHDUGDQGH[SHULHQFHGLQWKHGDLO\OLYHVRIWKH
LQKDELWDQWVWKDWVHUYHGDVPQHPRQLFGHYLFHV
%\WKHWLPHWKHVHVDFULILFLDODQLPDOVPDUFKHGLQWRWKHULWXDOVFHQHHLWKHULQFDJHVRUFDUULHGZLWK
LWVH[WUHPLWLHVERXQGWKH\SDUWLFLSDWHGLQWKHULWXDOVSHFWDFOHQRWDVQDWXUDODQLPDOVRQWKHODQGVFDSHEXW
DVRQWRORJLFDODJHQWVWKDWZHUHWKH³PDVWHURIDQLPDOV´7KHLUERG\SUHVHQFHLQWKHULWXDOZDVWKHUHVXOWRI
DQRQJRLQJSURFHVVRIVHWWLQJWKHVHDQLPDOVDSDUWDVDFWLYHEHLQJV$VHPSRZHUHGDQLPDOVWKH\ZHUH
EXULHGDOLYHWRHWHUQDOO\UHVLGHLQWKHPRXQGDVWKHPDVWHUJXDUGLDQDQLPDOVRI7HRWLKXDFDQ
&RQVWUXFWLQJ$QLPDO%RGLHV
7KLVGLVVHUWDWLRQDOVRLQYHVWLJDWHGKRZDQLPDOSDUDSKHUQDOLDZHUHSURGXFHG)URPWKLV
UHFRQVWUXFWLRQDQLPDOSURGXFWVZHUHLQWHUSUHWHGDVFRPSOH[HQWDQJOHGREMHFWVWKDWVHUYHGDVUHIHUHQWVWR
WKHSRZHURIWKHDQLPDOFDWHJRU\LWVHOIDQGDVPQHPRQLFGHYLFHVDOOXGLQJWRWKHLGHQWLWLHVRIWKH
VDFULILFLDOYLFWLPVWKDWOH\EHVLGHWKHVHIDXQDOREMHFWV(YHQDIWHUGHDWKDQLPDOERGLHVUHPDLQVDOLHQW
ZKHUHE\SHUVRQDODQGUHFLSURFDOLQWHUDFWLRQVEHWZHHQKXPDQVDQGDQLPDOVFRQWLQXHDVIDXQDOERGLHVDUH
UHWDLQHGFXUDWHGPRGLILHGDQGXWLOL]HG+LOO8VHRIDQLPDOVWKDWZHUHHPSRZHUHGV\PEROV
RIUHVWULFWHGVSHFLHVOLNHWKHFDUQLYRUHVH[DPLQHGGHILQHGWKHFXOWXUHGODQGVFDSH7KH\VHUYHGWRFUHDWH
WKHVRFLDOLGHQWLWLHVRIWKHKXPDQVDFULILFLDOYLFWLPVDQGWRRULHQWWKHULWXDOVFHQH
0DQ\LQFRPSOHWHDQLPDOVNHOHWDOHOHPHQWVZHUHSODFHGLQGHGLFDWRU\FDFKHVDORQJZLWKFRPSOHWH
DQLPDOVWKDWZHUHVDFULILFHGDVZHOODVZLWKRWKHUKXPDQVDFULILFLDOYLFWLPVDW7HRWLKXDFDQ,QWHUSUHWLQJ
DQLPDOERG\SDUWVGHSRVLWHGVHFRQGDULO\LQWRWKHFDFKHVRIWHQWLPHVDIWHUH[WHQVLYHPDQLSXODWLRQRIWKH
DQLPDOSURGXFWGHIOHVKLQJH[WUDFWLRQRIIHDWKHUVDQGVNLQVHWFFRXOGKHOSLQWHUSUHWVRPHRIWKH
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XQGHUO\LQJVLJQLILFDQFHRIWKHDQLPDOWD[DLQTXHVWLRQ&HUWDLQO\DQLPDOSURGXFWVSDUWLFLSDWHGLQ
GHGLFDWRU\ULWXDOVDVWKH\ZHUHXVHGE\WKHSUDFWLWLRQHUVDVULWXDOSDUDSKHUQDOLDDQGFRVWXPHV
$QDO\]LQJWKHPDWHULDOFRUUHODWHVRIDQLPDOSURGXFWVZHILQGWKDWFHUWDLQVSHFLHVDQGVSHFLILF
HOHPHQWVZHUHPRUHLPSRUWDQWWKDQRWKHUV)RUH[DPSOHGLIIHUHQWWD[DZHUHSODFHGGLIIHUHQWLDOO\LQWRWKH
QDWLYHFODVVLILFDWLRQV\VWHP6LPLODUO\GLIIHUHQWERG\SDUWVKDGYDU\LQJVLJQLILFDQFHVRPHSDUWV
FRQWDLQLQJYLWDORUJDQVWKDWZHUHWKRXJKWWRFRQWDLQQXFOHDUOLIHIRUFHV/ySH]$XVWLQ,QGHHGLQ
WKHFDVHRIKXPDQERGLHVLWKDVEHHQDUJXHGWKDW³WKHGHFRUDWLRQPRYHPHQWDQGFKDQJHVRIWKHKXPDQ
ERG\DQGLWVPRVWSRWHQWSDUWVLQFOXGLQJWKHKHDGKHDUWKDLUDQGEORRGFRQVWLWXWHGDVLJQLILFDQWSRUWLRQ
RIWKHQH[XVRIFHUHPRQLDOOLIH´&DUUDVFRD%HFDXVHWKHDQFLHQW1DKXDEHOLHYHGWKDWYLWDOIRUFHV
HYHQSDUWRIWKHVXSHUQDWXUDOIRUFHRIKXPDQJRGVUHVLGHGLQWKHERQHV/ySH]$XVWLQ
ORRNLQJDWWKH]RRDUFKDHRORJLFDODVVHPEODJHLVYDOXDEOH7KHUHZDVVSHFLDOHPSKDVLVSODFHG
RQHOHPHQWVWKDWVWLPXODWHWKHVHQVHVLQFOXGLQJVLJKWKHDULQJVPHOODQGWDVWHWKDWDUHDOOPLWLJDWHG
WKURXJKWKHKHDG0F1LYHQ)RUH[DPSOH0F1LYHQSURYLGHVDPSOHHYLGHQFHIRUD
FRQFHQWUDWLRQRIGXJRQJHDUERQHVLQDUFKDHRORJLFDOGHSRVLWVDW7RUUHV6WUDLW$XVWUDOLD0HVNHOO
DOVRH[DPLQHVWKHHPSKDVLVRQKHDGHGQHVVRUKHDGOHVVQHVVDVVKHGRFXPHQWVWKHUHPRYDODQGFLUFXODWLRQ
RIKHDGVLQERWKKXPDQDQGDQLPDOPHGLXPVWKURXJKRVWHRORJLFDO]RRDUFKDHRORJLFDODQGILJXULQH
DVVHPEODJHVDWdDWDOK|\N0HVNHOO$WWKLVVLWHVNXOOVRIEXOOVYXOWXUHVJRDWDQGZLOGERDUMDZV
ZHUHIRXQGDWWDFKHGWRZDOOVDIWHUµUHIOHVKLQJ¶WKHPZLWKZDOOSODVWHU0HVNHOO
6LPLODUO\FDQLGDQGIHOLGKHDGVDW7HRWLKXDFDQZHUHSUHSDUHGXVXDOO\VRRQDIWHUWKHDQLPDOZDV
NLOOHGH[WUDFWLQJLWVSHOWDQGRWKHUVRIWRUJDQVWREHGHSRVLWHGEDUH&KDSWHU*HQHUDOO\VSHDNLQJWKHUH
ZHUHWZRSDWWHUQVLQPDPPDOLDQKHDGSUHSDUDWLRQVWHFKQLTXHVVRPHWKDWDWWHPSWHGWRUHWDLQWKHVKDSHRI
WKHFRPSOHWHKHDGLQWDFWZKLOHRWKHUVRQO\HPSKDVL]HGWKHVQRXW,QWKHFDVHRIIHOLGFUDQLDIURP(QWLHUUR
WKHSRVVLELOLW\RIFRPSRVLWHILJXUHVZDVSUHVHQWHG7KHSUHVHQFHRIK\EULGEHLQJVVXFKDVWKHMDJXDU
VHUSHQWELUG.XEOHULQWKHPXUDOSDLQWLQJVIURP7HRWLKXDFDQGHPRQVWUDWHWKHIOXLGLW\LQZKLFK
DQLPDOERG\SDUWVZHUHFRPELQHG
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 ,QWKHFDVHRIELUGVWKH\ZHUHSUDLVHGIRUWKHLUHODERUDWHIHDWKHUVDQGLWVFDSDFLW\IRUIOLJKW(DJOH
VHFRQGDU\GHSRVLWVDWWHPSWHGWRUHWDLQWKHRYHUDOOIRUPRIWKHHQWLUHERG\PDQ\WLPHVNHHSLQJWKH
H[WUHPLWLHVLQWDFW)RUVRPHHDJOHVWKHSRVVLELOLW\RIWD[LGHUPLFSUHSDUDWLRQZDVSURSRVHGDQGHYHQRWKHU
LQFRPSOHWHGHSRVLWVZHUHDUJXHGWRKDYHEHHQNHSWLQFDSWLYLW\7KH7HRWLKXDFDQRVZRXOGKDYH
GHYHORSHGDVLPLODULQWLPDWHNQRZOHGJHDERXWWKHDQLPDOLQFOXGLQJLWVVH[7KLVZDVVXSSRUWHGE\WKH
DEXQGDQWSDWKRORJLFDOLQGLFDWRUVDQGLVRWRSLFUHVXOWVWKDWFRXOGQRWGLVWLQJXLVKEHWZHHQSULPDU\DQG
VHFRQGDU\HDJOHVWKDWZHUHODLGRXWLQDFFRUGDQFHWRWKHLUVH[&KDSWHU
7KHDVVHPEODJHIURP7HRWLKXDFDQQRWRQO\DOOXGHVWRKRZDQLPDOERQHVZHUHSUHSDUHGIRU
GHSRVLWLRQEXWDOVRSURYLGHVRPHRIWKHRQO\PDWHULDOWUDFHVRIWKHSURFHVVHVRISHOWH[WUDFWLRQ)HOLGDQG
FDQLGSHOWVDVZHOODVELUGIHDWKHUVZHUHXWLOL]HGWKURXJKRXW0HVRDPHULFDDVKHDGGUHVVHVFRVWXPHV
ZDUULRUUHJDOLDWKURQHVDQGRWKHUULWXDOSDUDSKHUQDOLD,QWKHPXUDOSDLQWLQJVRI7HRWLKXDFDQZHVHH
LQGLYLGXDOVKROGLQJFDQLGIXUEDJVHODERUDWHIHDWKHUHGKHDGGUHVVHVDQGFDQLGVDQGDYLDQ
DQWKURSRPRUSKLFILJXUHVGUHVVHGLQPLOLWDU\UHJDOLD%HUULQ)XHQWHD0LOOHU7KHVH
SURGXFWVZHUHSUREDEO\H[WUDFWHGIURPWKHVDPHDQLPDOVWKDWZHUHGHSRVLWHGLQWRWKHGHGLFDWRU\FDFKHV
FDUHIXOO\VFDUSLQJDORQJWKHDUHDVZKHUHWKHERQHLVFORVHVWWRWKHVNLQWKDWOHIWWKHFXWPDUNVUHFRUGHGLQ
WKHSUHVHQWVWXG\
7KHFDUHIXODQDO\VLVRIULWXDOSDUDSKHUQDOLDDOVRGHPRQVWUDWHGWKDWXQOLNHWKHSULPDU\GHSRVLWV
ZKHUHHDFKDQLPDOZDVFDUHIXOO\SURFXUHGHVWDEOLVKLQJWLJKWLQWHUSHUVRQDOFRQQHFWLRQVVRPHWLPHVWKH
VHFRQGDU\GHSRVLWVZHUHDFTXLUHGRSSRUWXQLVWLFDOO\1RWDOOWKHHOHPHQWVKDGHYLGHQFHRISHOWH[WUDFWLRQ
DQGSUHSDUDWLRQPHWKRGVYDULHGLQPDQ\FDVHV,WLVSRVVLEOHSDUWLFXODUO\IRU(QWLHUURVDQGWKDW
DQLPDOSURGXFWVZHUHDFTXLUHGVHFRQGDULO\SRVWGHFRPSRVLWLRQDQGZHDWKHULQJ8QIRUWXQDWHO\GXHWRWKH
GLIIHUHQFHVLQSUHVHUYDWLRQEHWZHHQWKHYDULRXVFRQWH[WVPDQ\IHDWXUHVWKDWORRNHGOLNHZHDWKHULQJ
SURFHVVHVFRXOGQRWEHFRQILUPHG7KLVSURFXUHPHQWSURFHVVGRHVKRZHYHUIROORZH[SHFWDWLRQVVHWE\
0F.XVLFNIRUELUGVRIFHUHPRQ\DQGULWXDOLQVRXWKZHVWHUQ8QLWHG6WDWHVWKDWZHUHDFTXLUHG
RSSRUWXQLVWLFDOO\OLNHURDGNLOOVRUWKURXJKKXQWLQJZKLOHFRQGXFWLQJRWKHUFKRUHV
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7KHDQLPDOVGHSRVLWHGDVULWXDOSDUDSKHUQDOLDLQFOXGHGRWKHUVSHFLHVQRWUHFRUGHGDPRQJSULPDU\
GHSRVLWVRWKHUELUGVKDZNVRZOVDQGFURZVSLGHUPRQNH\DQGRWKHUVPDOOPDPPDOVWKDWZHUHSDUWRI
WKHVWRPDFKFRQWHQWVDQGILOOUHIXVH7KHVHDQLPDOVSUREDEO\UHIHUHQFHGWKHV\PEROLVPRIWKDWDQLPDO
FDWHJRU\QRWLQGLYLGXDOL]HGDVLQWKHFDVHRIVDFULILFHGDQLPDOV7RJHWKHUDQLPDOERG\SDUWVDQG
FRPSOHWHVDFULILFLDOYLFWLPVSDUWLFLSDWHGLQGHGLFDWRU\ULWXDOVWKURXJKRXWWKHFRQVWUXFWLRQRIWKH0RRQ
3\UDPLGDQG6XQ3\UDPLG
&RQVWUXFWLQJDPRXQWDLQ
$ERYH,GLVFXVVHGKRZDQLPDOLGHQWLWLHVZHUHFRQVWUXFWHGWKURXJKLQWHUSHUVRQDOLQWHUDFWLRQV
HVWDEOLVKHGWKURXJKRXWWKHULWXDOL]HGSURGXFWLRQRIWKHVDFULILFLDOYLFWLPRUULWXDOL]HGREMHFWV8WLOL]HGLQ
VWDWHVSHFWDFOHVSDUWLFLSDQWVHPERGLHGWKHUHOLJLRXVERGLO\H[SHULHQFHVWKURXJKWKHLUVHQVRU\
HQJDJHPHQWDVWKH\VDZKHDUGIHOWDQGHPERGLHGDQLPDOERGLHV'RUQDQ1RZOHWXVMX[WDSRVH
WKLVXQGHUVWDQGLQJRIWKHDQLPDOLQWRWKHRIIHUWRU\FRQWH[WWRLQWHUSUHWKRZDQLPDODFWRUVFRQWULEXWHGWR
WKHFUHDWLRQRIWKHPRQXPHQWVLQZKLFKWKH\ZHUHHPEHGGHG,QWKLVDQDO\VLV,UHWXUQWRXQGHUVWDQGLQJ
S\UDPLGVDVUHSUHVHQWLQJPRXQWDLQVDQGLQSDUWLFXODUWKHIXQFWLRQRIWKHaltepetlWKHZDWHU\KLOOLQWKH
FHUHPRQLDOODQGVFDSH&KDSWHU,DOVRLQWHUSUHWWKHGHGLFDWRU\FDFKHVDVWKHQH[XVIRUWKH
PDWHULDOL]DWLRQRIWKHLUFRVPRJUDPDQGWKHYHU\PHDQVE\ZKLFKSODFHPDNLQJRFFXUUHG,QWKLVVHFWLRQ,
H[DPLQHWKHILUVWH[SUHVVLRQRIVWDWHPRQXPHQWDOLVPDWWKH0RRQ3\UDPLGGXULQJWKHFRQVWUXFWLRQRI
%XLOGLQJWRPDNHDFDVHRIKRZWKHVHDQLPDOVDFWLYHO\GHILQHGWKLVPRQXPHQWDOLJQHGZLWKWKH&HUUR
*RUGRDVDVDFUHGPRXQWDLQZKHUHDQLPDOVUHVLGHGLQLWVLQWHULRU7KHQ,ORRNDWWKHVXEVHTXHQWRIIHUWRU\
FRPSOH[HVWRH[DPLQHKRZWKHXVHRIDQLPDOVRQFHHVWDEOLVKHGDVNH\V\PEROVFKDQJHGGLDFKURQLFDOO\,
DOVRGLVFXVVKRZWKHUROHRIDQLPDOVDWWKH6XQ3\UDPLGDQG)HDWKHUHG6HUSHQW3\UDPLGZDVVOLJKWO\
GLIIHUHQWWKDWSUREDEO\KDGWRGRZLWKRWKHUIXQFWLRQVHPEHGGHGLQWKHPRQXPHQW
Moon Pyramid: Building 4 
7HRWLKXDFDQULWXDOVSHFLDOLVWVHPEHGGHGFRQVSLFXRXVUHIHUHQFHVWRWKHLUFRVPRJUDPLQWKHHDUOLHVW
GHGLFDWRU\FDFKHV(QWLHUURVDQGDWWKH0RRQ3\UDPLGGXULQJDSHULRGRIDFLW\ZLGHPRQXPHQWDO
FRQVWUXFWLRQSURJUDP&KDSWHU7KHVHWZRFDFKHVUHSUHVHQWWKHPRVWFRPSUHKHQVLYHHYLGHQFHIRUWKH
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DFWLYHDQGFHQWUDOUROHDQLPDOVSOD\HGLQVWDWHULWXDOL]HGDFWLYLWLHVZLWKWKHPRVWDEXQGDQWDQGFRQYLQFLQJ
HYLGHQFHRIWKHDFWLYHFRQVWUXFWLRQRIVDFULILFLDOYLFWLPVWKDQDOOWKHRWKHUFDFKHVFRPELQHG(QWLHUUR
FRQWDLQHGVDFULILFLDOYLFWLPVZKLOH(QWLHUURLQFOXGHGSULPDU\GHSRVLWFRXQWLQJVHUSHQWVLQWKH
EDVNHWZKLFKLVDQLQFRQFOXVLYHFRXQW0DQ\RIWKHVHDQLPDOVZHUHNHSWLQFRQILQHPHQWDVLQGLFDWHGE\
WKH]RRDUFKDHRORJLFDODQGLVRWRSLFGDWDVHWZKLFKVXJJHVWWKDWOHDGLQJXSWRWKHVHWZRGHGLFDWRU\DFWV
WKHUHZDVDQH[SDQGHGIRFXVRQWKHVHFDUQLYRURXVEHDVWVDVWKHVHDQLPDOVZHUHFDSWXUHGDQGNHSWLQ
FRQILQHPHQW$QLPDOVXQGRFXPHQWHGWREHURDPLQJWKHFLW\FRQILQHVZHUHEURXJKWLQWHQGHGWRIHGDQG
KHDUGE\WKHFLW\LQKDELWDQWV,QDGGLWLRQHTXDOO\ODUJHDPRXQWRIULWXDOSDUDSKHUQDOLDFRQVWUXFWHGPDLQO\
E\WKHYHU\VDPHDQLPDOVZHUHDOVRJDWKHUHGDQGSURFHVVHGWREHGHSRVLWHGDWWKHULWXDOVFHQH$VVXFKLW
SURYLGHVDXQLTXHZLQGRZLQWRH[DPLQLQJKRZWKHVHDQLPDOVGHILQHGWKHULWXDOL]HGODQGVFDSH
$VZDVGHVFULEHGLQGHWDLOLQ&KDSWHU(QWLHUURVDQGZHUHSODFHGLQVLGHWKHIRXUWKEXLOGLQJ
VHTXHQFHWKHIRUPHUDORQJWKHEHGURFNOD\HUDQGWKHODWWHUPLGZD\LQLWVFRQVWUXFWLRQ7KHSDUDOOHOV
EHWZHHQWKHWZRRIIHULQJVKDVDOUHDG\EHHQGLVFXVVHGHOVHZKHUH/ySH]/XMiQDQG6XJL\DPD.H\
IHDWXUHVRIWKH]RRDUFKDHRORJLFDOHYLGHQFHDOVRVXSSRUWWKDWWKHWZRRIIHUWRU\FDFKHVZHUHSODQQHGDVD
XQLW,Q&KDSWHUWKHREYLRXVSDUDOOHOVLQWKHVSDWLDOSDWWHUQLQJFRQFHQWUDWLQJRQGHSRVLWLQJWKHDQLPDOV
DORQJD[LDODQGLQWHUD[LDOOLQHVZDVGLVFXVVHG,QSDUWLFXODUFRPSOHPHQWDU\QXPEHUVDUHUHSUHVHQWHGE\
WKHDQLPDOVVXFKDVHDJOHVIRXQGLQ(QWLHUURZKLOHKDOIWKLVQXPEHUQLQHHDJOHVZHUHGHSRVLWHGLQ
(QWLHUUR$VDXQLWWKHVSDWLDOSDWWHUQLQJRIWKHDQLPDOVUHSOLFDWHGWKHFRVPRV
 1RWRQO\ZHUHWKHQXPEHURIDQLPDOVUHSHDWHGO\HPSKDVL]LQJFRVPRORJLFDOO\VLJQLILFDQWQXPEHUV
WKDWRULHQWHGWKHULWXDOVSDFHWKHVH[RIWKHDQLPDOZDVDOVRVLJQLILFDQW,Q(QWLHUURVDQGPDOHVZHUH
SODFHGLQWKHHDVWHUQVHFWRURIWKHFKDPEHUZKLOHIHPDOHVWHQGHGWREHGHSRVLWHGWRWKHZHVW&KDSWHU
7KHGLVWULEXWLRQZDVPXFKFOHDUHULQ(QWLHUURDQGRQO\WKHHDJOHVIROORZHGWKLVSDWWHUQLQ(QWLHUUR
EHFDXVHWKHPDPPDOVZHUHSODFHGDORQJWKHQRUWKVRXWKD[LV,QERWKFDVHVLWGHPRQVWUDWHVWKDWWKHUHZDV
DQLQWHQWLRQDOVHOHFWLRQRIWKHVH[RIWKHDQLPDOLQDFFRUGDQFHWRLWVSRVLWLRQLQWKHFDFKH
 7KHVHDVRQDOLW\RIWKHHYHQWDOVRVXJJHVWHGWKDWWKHWLPLQJLQZKLFKWKHGHGLFDWRU\DFWV
WKHPVHOYHVZHUHFRQGXFWHGZHUHFRPSOHPHQWDU\WRHDFKRWKHU5HFRQVWUXFWHGE\DJHGHVLJQDWLRQVRIWKH
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\RXQJDQLPDOVLWZDVGHWHUPLQHGWKDW(QWLHUURRFFXUUHGGXULQJWKHVXPPHUWRODWHVXPPHU-XQH
$XJXVWGXULQJWKHZHWVHDVRQZKLOH(QWLHUURWRRNSODFHVRPHWLPHGXULQJ6HSWHPEHUDQG$SULO
RYHUODSSLQJPRVWFRQVLGHUDEO\ZLWKWKHGU\VHDVRQ&KDSWHU7RJHWKHU(QWLHUURVDQGUHSUHVHQWHG
RQHRIWKHPRVWGUDVWLFHYHQWVLQWKHDJULFXOWXUDOF\FOHZKLFKZDVWKHWUDQVLWLRQEHWZHHQWKHZHWDQGGU\
VHDVRQV([DPLQLQJWKHVHWZRIDFWRUVLWLVHYLGHQWWKDWWKHWZR(QWLHUURVIXQFWLRQHGDVDXQLWWRRULHQWWKH
ULWXDOVSDFHEDVHGLQIXQFWLRQRIKRUL]RQWDODQGYHUWLFDOVSDFH)LJXUH$ORQJWKHKRUL]RQWDOSODQH
HDVWRUULJKWZDVDVVRFLDWHGZLWKPDOHVZKLOHIHPDOHVZHUHUHSUHVHQWHGWRWKHZHVWRUOHIW7KHUHZDV
DOVRDGXDOGLYLVLRQRIWKHXSSHUDQGORZHUVHFWRUVRIWKHPRQXPHQWWKHXSSHU(QWLHUURHPSKDVL]LQJ
WKHGU\FHOHVWLDOVSKHUHZKLOHWKHEDVHRIWKHPRQXPHQW(QWLHUURVLJQLILHGZHWQHVVSODFHGDORQJWKH
HDUWK
 &RPSOHPHQWDU\RSSRVLWLRQVZDVDFHQWUDOFRPSRQHQWRI0HVRDPHULFDQFRVPRYLVLRQWKDWZDV
HIIHFWLYHO\LQJUDLQHGLQWRWKHV\PEROLVPDQGOD\RXWRIPRQXPHQWDOZRUNV)RUH[DPSOHWKH$]WHF
7HPSOR0D\RUHPSKDVL]HGRSSRVLWLRQVWKHVRXWKHUQKDOIZDVGHGLFDWHGWRWKHJRGRIVXQDQGZDUIDUH
+XLW]LORSRFKWOLZKLOHWKHQRUWKHUQKDOIFRUUHVSRQGHGWRWKHUDLQJRG7ODORF/ySH]$XVWLQDQG/ySH]
/XMiQ$WWKHVDPHWLPHDYHUWLFDOGLYLVLRQZDVPDGHEHWZHHQWKHEDVHSODWIRUPZKHUHVHUSHQWV
XQGXODWHGLQWKHIRUPRIODUJHVFXOSWXUHVWKDWUHSUHVHQWHGWKHHDUWKZKLOHXSSHUVHFWRUVHPSKDVL]HGWKH
FHOHVWLDOVSKHUH0DWRV0RFWH]XPD,QWKLVFDVHKRWQHVVDVWUDODQGGU\QHVVZHUHUHSUHVHQWHG
WRWKHVRXWKDQGVXSHULRU]RQHVZKLOHFROGQHVVDVWUDODQGKXPLGQHVVZHUHUHSUHVHQWHGLQWKHVRXWKHUQDQG
LQIHULRUDVSHFWV&RPSOHPHQWDU\YDOXHVRIYHJHWDWLRQFROGQHVVDQGGU\QHVVZHUHIRXQGLQQRUWKHUQDQG
VXSHULRUDUHDVYHJHWDWLRQFROGQHVVDQGKXPLGLW\ZHUHIRXQGLQWKHQRUWKHUQDQGLQIHULRUDVSHFWVRIWKH
7HPSOR0D\RU/ySH]$XVWLQDQG/ySH]/XMiQ
 1RZKRZFDQZHLQWHUSUHWWKHSUHVHQWDVVHPEODJHDW7HRWLKXDFDQ",WXUQWRWZRNH\
HWKQRJUDSKLHVWKDWKHOSXQGHUVWDQGWKHVLJQLILFDQFHRIWKHWZRGLUHFWLRQDORSSRVLWLRQVWKDWUHODWHWR
XSSHUORZHUDQGHDVWZHVW7KHILUVWLVDVSDWLDODQDO\VLVRIPRGHUQULWXDOVFRQGXFWHGE\WKH&KDPXOD
,QGLDQVFRQGXFWHGE\*RVVHQDQGDQRWKHULVDVWXG\RIGLUHFWLRQDOLW\DPRQJ1DKXDJURXSV
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H[DPLQHGE\/ySH]$XVWLQ%RWKVWXGLHVGHPRQVWUDWHDQDFXWHIRFXVRIWKHVXQ¶VPRYHPHQW
WKURXJKWKHVN\
7KHREYLRXVFRQQHFWLRQRIWKHHDVWRUULJKWWRWKHVXQDQGWKXVPDOHQHVVLVPDQLIHVWHGHYHU\
PRUQLQJGXULQJWKHVXQULVHZKLOHWKHZHVWRUOHIWLVDVVRFLDWHGZLWKWKHWUDQVLWLRQWRWKHIHPDOHPRRQ
GXULQJVXQVHW*RVVHQ7KLVUHODWHVWRFRQQHFWLRQEHWZHHQPDOHVFHOHVWLDOVSKHUHVDQGKRWQHVV
ZKLOHIHPDOHVDUHDVVRFLDWHGZLWKWKHHDUWKXQGHUZRUOGDQGFROGQHVV
7KHVHGLUHFWLRQDODVVRFLDWLRQVDUHFOHDUO\PDQLIHVWHGLQYDULRXVDVSHFWVRID&KDPXODFRPPXQLW\
DWWKHOHYHORIWKHKRXVHKROGDQGDWWKHFKXUFK$&KDPXODKRXVHRUJDQL]HGDURXQGDKHDUWKLVGLYLGHG
EHWZHHQPDOHVDQGER\VWKDWVLWDQGHDWWRWKHULJKWRIWKHKHDUWKIDFLQJLQWHULRUIURPWKHIURQWGRRU
ZKLOHZRPHQDQGJLUOVSODFHWKHPVHOYHVWRWKHOHIW*RVVHQ0DOHVZRXOGVLWLQWLQ\FKDLUV
UDLVLQJWKHPDERYHWKHJURXQGDQGZHDUVDQGDOVWRVHSDUDWHWKHPIURPWKHJURXQGWKDWFRPSOHPHQWWKHLU
PDVFXOLQHKHDW:RPHQRQWKHRWKHUKDQGVLWRQWKHJURXQGDQGZDONEDUHIRRWSURYLGLQJDGLUHFWOLQNWR
WKHHDUWKWKDWLVIHPLQLQHDQGFROG7KLVGLFKRWRP\LVDOVRPDQLIHVWHGLQWKHFKXUFKDVDOOPDMRUPDOH
VDLQWVPDUFKULJKWFRXQWHUFORFNZLVHZKLOHIHPDOHVPRYHOHIWFORFNZLVHDURXQGWKHDWULXP*RVVHQ

7KHVXQPRYHVQRUWKZDUGDORQJWKHHDVWHUQKRUL]RQDVWKHGD\VEHFRPHORQJHUEHWZHHQWKH
YHUQDOHTXLQR[DQGWKHVXPPHUVROVWLFHWKDWFRUUHVSRQGVWRWKHILUVWUDLQVRIWKHZHWVHDVRQWKDWEHLQJVLQ
HDUO\0D\DQGWKHVXEVHTXHQWVWDUWRIWKHDQQXDOJURZLQJF\FOH7KLVSURYLGHDOLQNEHWZHHQQRUWKDQGWKH
ZHWVHDVRQ*RVVHQ,QFRQWUDVWWKHVXQPRYHVVRXWKZDUGEHWZHHQWKHDXWXPQDOHTXLQR[WRWKH
ZLQWHUVROVWLFHZKHQWKHGD\VDUHVKRUWHUDQGWKHJURZLQJVHDVRQFRPHVWRDQHQG*RVVHQ7KXV
WKHVRXWKLVRIWHQDVVRFLDWHGZLWKWKHGU\VHDVRQWKHXQGHUZRUOGDQGQLJKWWLPH
1DKXDEHOLHIVVLPLODUO\GLYLGHWKHVN\LQQRUWKVRXWKDQGHDVWZHVW)RUWKHPWKHVRXWKRUDERYH
V\PEROL]HVOLIHEHFDXVHWKHVXQUXQVFKLHIO\WRWKHVRXWKZKLOHWKHQRUWKRUEHORZLVDVVRFLDWHGZLWK
GHDWKDQGWKHXQGHUZRUOG/ySH]$XVWLQ$WWKHVDPHWLPHHDVWLVFRQVLGHUHGPDVFXOLQHDQG
WKHZHVWIHPLQLQHEHFDXVHZDUULRUVGHFHDVHGGXULQJFRPEDWUHVLGHLQWKHHDVWHUQVN\ZKLOHZRPHQZKR
GLHGLQFKLOGELUWKUHVLGHLQWKHZHVWHUQVN\/ySH]$XVWLQ
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0D\DFHUDPLFVDQGVWHODHFRQYH\VLPLODUFRQFHSWLRQVRIWKHOHIWULJKWGLYLVLRQ&HQWUDOILJXUHV
XVXDOO\VXSHULRUULWXDODQGSROLWLFDOOHDGHUVDQGPHQZHUHPRUHOLNHO\WREHIDFLQJULJKWDQGXVLQJWKHLU
ULJKWKDQGH[HPSOLI\LQJWKDWWKHULJKWZDVDIILOLDWHGZLWKPDVFXOLQLW\SRZHUDQGVDFUHG3DOND2Q
WKHRWKHUKDQGOHIWZDVFRQVLVWHQWO\DOOXGHGWRIHPLQLQLW\VXERUGLQDWLRQDQGWKHSURIDQH,QWKLVPDQQHU
OHIWULJKWZHVWHDVWDQGXSSHUORZHUVRXWKQRUWKV\PEROLVPJRYHUQHGZKHUHSHRSOHVWDQGZKLFKZD\
WKH\IDFHKRZLQGLYLGXDOVPRYHGZLWKLQDVSDFHDQGWKHGDLO\DFWLRQVRIWKHLQGLYLGXDOV
,QWKHFDVHRI(QWLHUURVDQGWKHVHUXOHVDQGUHJXODWLRQVWKDWRULHQWHGWKHULWXDOVFHQHZHUH
PRVWYLYLGO\H[SUHVVHGWKURXJKDQLPDOPHGLXPV8QOLNHWKHKXPDQVDFULILFLDOYLFWLPVWKDWZHUHHLWKHU
VFDUFH(QWLHUURRUOXPSHGLQDKHDSRQWKHQRUWKZHVWFRUQHU(QWLHUURWKHDQLPDOVZHUHFDUHIXOO\
ODLGRXWGLYLGLQJWKHVSDFH,QWKLVPDQQHUPDOHVZHUHSODFHGWRWKHHDVWULJKWHPSKDVL]LQJWKHGLUHFW
FRQQHFWLRQWRPDVFXOLQHVRODUFHOHVWLDODQGZDUIDUHV\PEROLVP2QWKHRWKHUKDQGIHPDOHVZHUH
SRVLWLRQHGWRWKHZHVWUHIHUHQFLQJIHPDOHOXQDUXQGHUZRUOGDQGHDUWKIHUWLOLW\$WWKHVDPHWLPHWKHWZR
GHGLFDWLRQULWXDOVZHUHFRQGXFWHGGXULQJYHU\GLIIHUHQWVHDVRQVSUREDEO\LQWHQWLRQDOO\WRUHSUHVHQWWKH
DJULFXOWXUDOF\FOH$WWKHEDVHWKHGHGLFDWRU\ULWXDOIRU(QWLHUURZDVFRQGXFWHGLQWKHZHWVHDVRQ
EHFDXVHORZHURUQRUWKUHSUHVHQWVWKHHDUWKFROGQHVVDQGKXPLGLW\7KHXSSHUFKDPEHU(QWLHUURZDV
RIIHUHGGXULQJWKHGU\VHDVRQDVWKHXSSHURUVRXWKHUQVSKHUHZDVDVVRFLDWHGZLWKFHOHVWLDOKRWQHVVDQG
GU\QHVV7KHGHGLFDWRU\WKHDWULFDOHYHQWERWKLWVWLPLQJDQGKRZWKHDQLPDOVZHUHSODFHGZLWKLQWKH
RIIHULQJFKDPEHUZHUHNH\LQSHUIRUPLQJDQGH[SHULHQFLQJWKHLUFRVPRVWKDWZDVPDWHULDOL]HGLQWKH
PRQXPHQW,WORFDWHGWKHPRQXPHQWLQYHUWLFDODQGKRUL]RQWDOVSDFHDVDSODFHRQWKHFHUHPRQLDO
ODQGVFDSH
1RZZKDWW\SHRISODFHZDVWKLV"%HFDXVHWKHVDFULILFLDOYLFWLPVZHUHWKHPDLQEHLQJVWKDW
RULHQWHGWKHVSDFHWKH\KROGWKHNH\LQXQORFNLQJWKLVTXHVWLRQ,QWKHLUFRPSUHKHQVLYHDQGWKRURXJK
GHVFULSWLRQ/ySH]$XVWLQDQG/ySH]/XMDQGHILQHVHYHUDOIXQFWLRQVRIWKHVDFUHGPRXQWDLQDVDQ
axis mundiDVDSRLQWRIDFFHVVWRWKHKHDYHQO\ERGLHVPRXQWDLQRIZHDOWKUHIXJHIRUIORUDDQGIDXQD
KRPHRIWKHSDWURQJRGRULJLQSODFHIRUKXPDQVVRXUFHRISRZHUDXWKRULW\DQGRUGHUDQGDVDGZHOOLQJ
RIWKHGHDG7KHPRXQWDLQVZHUHWKHYHU\PHDQVRIFRQWUROOLQJYLWDOOLIHVRXUFHVZDWHUOLJKWHQLQJ
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WKXQGHUFORXGVZKHUHDQFHVWUDOVSLULWVSDWURQGHLWLHVDQGDQLPDOVUHVLGHGVHHVXPPDU\LQ&KDSWHU
+HUHLWLVLPSRUWDQWWRKLJKOLJKWWKHPRXQWDLQDVDSODFHZKHUHDQLPDOVSDUWLFXODUO\WKHPDVWHURIDQLPDOV
OLYHGWRGHILQHWKHPRQXPHQWDVWKHVDFUHGPRXQWDLQRUaltepetlRI7HRWLKXDFDQ
,Q&KDSWHUH[DPLQLQJWKH]RRDUFKDHRORJLFDOHYLGHQFH,KDYHKLJKOLJKWHGKRZWKHDQLPDOVZHUH
SUREDEO\EXULHGDOLYH$OOWKHFRPSOHWHDQLPDOVIURP(QWLHUURKDGWKHLUH[WUHPLWLHVMRLQHGSUREDEO\
ERXQGWRUHVWULFWPRYHPHQW(QWLHUURZLWKLWVFDJHGSXPDVDQGDZROISURYLGHVRPHRIWKHPRVW
FRQFOXVLYHHYLGHQFHWKDWWKHVHDQLPDOVZHUHGHSRVLWHGDOLYH7KLVLVVLJQLILFDQWEHFDXVHIRUWKHDXGLHQFH
WKDWSDUWLFLSDWHGLQWKHGHGLFDWRU\DFWPDQ\RIWKHDQLPDOVOLWHUDU\³OLYHG´LQWKHPRQXPHQWRUDFWXDOO\
UHVLGHGLQWKHVDFUHGPRXQWDLQ7KHLURFFXSDWLRQZLWKLQWKHFLW\FRQILQHVKDGGHYHORSHGGHHSO\URRWHG
UHODWLRQVKLSVWKDWGHILQHGWKHLUVRFLDOLGHQWLW\DVWKHPDVWHUVRIDQLPDOVDQGNH\V\PEROVRIWKH
7HRWLKXDFDQVWDWHDWWKHVDPHWLPHSODFLQJWKHVHPDVWHUJXDUGLDQVLQWKLVPRQXPHQWUHRULHQWHGWKH
FHUHPRQLDOODQGVFDSHGHILQLQJWKHVWUXFWXUHDVDVDFUHGPRXQWDLQZKHUHWKHVHHPSRZHUHGDQLPDOVUHVLGHG
,QHVVHQFHWKHLGHQWLW\RIWKHDQLPDOZDVGHILQHGE\WKHULWXDOL]HGDFWDWWKHVDPHWLPHWKHSUHVHQFHRI
WKHDQLPDOVLQLWVLQWHULRUGHILQHGWKHPRQXPHQWDVWKHaltepetlWKDWZDVH[SHULHQFHGGXULQJWKH
SHUIRUPDQFH
Subsequent Entierros 
 2QFHWKH0RRQ3\UDPLGZDVHVWDEOLVKHGDVWKHaltepetlRQWKHODQGVFDSHWKHPRQXPHQWSHUVLVWHG
WREHDQDFWLYHSODFHDVSHRSOHFRQWLQXHGWRLQWHUDFWZLWKWKHVWUXFWXUHDVLWZDVUHPRGHOHGPDLQWDLQHG
DQGYLVLWHG'XULQJVXEVHTXHQWH[SDQVLRQVWZRPRUHGHGLFDWRU\FKDPEHUVLQFRUSRUDWHGDQLPDOPHGLXPV
(QWLHUURZDVSODFHGGXULQJWKHILIWKFRQVWUXFWLRQSKDVHDORQJWKHEDVHZKLOH(QWLHUURZDVSODFHG
ZKHQ%XLOGLQJZDVEHLQJFRQVWUXFWHGDQG%XLOGLQJZDVEHLQJGHFRPPLVVLRQHG&KDSWHU
 7KHILUVWREYLRXVGLIIHUHQFHLQIDXQDOXVHRIWKHVHWZRFDFKHVLQFRPSDULVRQWRWKRVHRI%XLOGLQJ
LVWKHLPPHGLDWHVFDUFLW\RIFRPSOHWHVDFULILFLDODQLPDOV(QWLHUURFRPSOHWHO\ODFNVSULPDU\EXULDOV
ZKLOH(QWLHUURRQO\FRQWDLQHGIRXUODUJHDQLPDOVDQGQLQHVHUSHQWV,QVWHDGRIWKHDQLPDOVRULHQWLQJWKH
ULWXDOVFHQHLQWKHVHWZRFDVHVKXPDQVDFULILFLDOYLFWLPVWDNHRQWKHFHQWUDOUROH/HWXVWDNHDORRNDW
HDFKRIWKH(QWLUURVLQPRUHGHWDLO
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 ,QWKHFDVHRI(QWLHUURWKHIRXUVDFULILFLDOYLFWLPVILOOXSWKHRIIHULQJVSDFHWKHHLQGLYLGXDOV
SODFHGH[WHQGHGZLWKLWVKDQGVWLHGEHKLQGWKHEDFNRQWKHVRXWKHUQVHFWRUZKLOHDIRXUWKLQGLYLGXDO'
LVSODFHGIOH[HGVHDWHGDOLWWOHWRWKHHDVWRIDILEHUPDW&KDSWHU,QWKLVFDVHWKHDQLPDOVGLVWULEXWHG
WKURXJKRXWWKHGHGLFDWRU\FKDPEHUGRQRWKHOSRULHQWWKHULWXDOVFHQHUDWKHUWKH\DUHKDSKD]DUGO\SODFHG
DURXQGWKHGHGLFDWRU\FKDPEHU,QVWHDGWKH\VHHPWREHIRFXVHGDURXQGWKHKHDGVDQGIHHWRIWKH
VDFULILFLDOYLFWLPV&KDSWHUVHUYLQJWRVLJQLI\WKHVRFLDOLGHQWLWLHVRIWKHVHKXPDQVWKDWZHUHSUREDEO\
DVVRFLDWHGZLWKFDQLGVWKDWV\PEROL]HGZDUULRUVDQGPLOLWDULVP7KHVKLIWUHFRUGHGKHUHIURPWKHXVHRI
DQLPDOVLQULWXDOVIRUSODFHPDNLQJYHUVXVDQLPDOVFRQWULEXWLQJWRKXPDQJURXSLGHQWLW\IRUPDWLRQLV
QRWLFHDEOH
 7KHVXEVHTXHQWGHGLFDWRU\FKDPEHUDOVRKDVDVLPLODUSDWWHUQ:LWKWKHH[FHSWLRQRIDEXQGDQW
UDWWOHVQDNHDZROIDUDYHQDQHDJOHDQGDSXPDZHUHGHSRVLWHGFRPSOHWH$VGLVFXVVHGLQ&KDSWHU
WKHVHLQGLYLGXDOVVHHPWRFORVHO\EHDVVRFLDWHGZLWKWKHWKUHHVHDWHGKXPDQVDZROIZLWKWKHQRUWKHUQ
PRVWLQGLYLGXDO&WKHFRPELQDWLRQRIHDJOHUDYHQDVVRFLDWHGZLWKWKHSHUVRQLQWKHPLGGOH$DQG
DSXPDUHIHUHQFLQJWKHVRXWKHUQEXULDO%8QOLNHWKHDQLPDOVVLJQDOLQJDJURXSRIKXPDQVLQ(QWLHUUR
WKH\VHHPWRUHIHUHQFHWKHLQGLYLGXDOVVHDWHGFURVVOHJJHGLQDQDXWKRULWDWLYHSRVLWLRQZLWKLWVDUPV
FURVVHGLQIURQW7KHVHWKUHHILJXUHVKRZHYHUKDYHWKHLUEDFNWRWKHPRVWDEXQGDQWDQLPDOVDFULILFHGWKH
VHUSHQWV:LWKWKHH[FHSWLRQRI(OHPHQWRWKHRWKHUHLJKWVHUSHQWVDUHVFDWWHUHGWRWKHHDVWRIWKH
VHDWHGILJXUHVWDNLQJXSWKHDUHDPRVWGHQVHO\RFFXSLHGZLWKRWKHUULFKRIIHULQJVVXFKDVWKHFRQFKVKHOO
REVLGLDQHFFHQWULFDQGDERYHDOODJUHHQVWRQHILJXULQHRIDVHDWHGILJXUHWKDWLVSODFHGULJKWEHKLQG
LQGLYLGXDOV$DQG%7KHVHWZRKXPDQVDOPRVWSURWHFWWKHILJXULQHDVGRHVWKHDQLPDOVSODFHGLQ
IURQWRIWKHKXPDQV7KHDEXQGDQWVHUSHQWUHPDLQVDUHVFDWWHUHGDURXQGWKLVJUHHQVWRQHILJXULQH
7KHPHDQLQJVDQGIXQFWLRQVRIWKHDQLPDOVXWLOL]HGLQWKHGHGLFDWLRQRI(QWLHUURDUHYHU\
FRPSOH[WRLQWHUSUHW7KHDQLPDOVVHHPWREHGLYLGHGLQWRVSHFLILFDUHDVEXWDVDIXQFWLRQRIWKHOD\RXWRI
WKHKXPDQVDFULILFHVDQGRWKHURIIHULQJSURGXFWVQRWVSHFLILFDOO\WRFUHDWHWKHFHUHPRQLDOVSDFHLQWKH
PDQQHULWZDVUHFRUGHGLQ(QWLHUURVDQG7KHUHZDVDFOHDUDVKLIWEHWZHHQ(QWLHUURVDQGZKHUH
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DQLPDOVRULHQWHGWKHULWXDOVSDFHFRQVWUXFWLQJWKHPRQXPHQWDVDSODFHYHUVXVDQLPDVWKDWZHUHOLQNHGWR
KXPDQJURXSV(QWLHUURRULQGLYLGXDOV(QWLHUUR
7KLVPD\EHZK\WKHPRVWDEXQGDQWHYLGHQFHRIFDUQLYRUHFDSWLYLW\ZHUHIRXQGLQ(QWLHUURV
DQGZKHUHWKLVLQLWLDOSHULRGRIHVWDEOLVKLQJNH\V\PEROVZDVVRFUXFLDOIRUWKHFRQVWUXFWLRQRIWKH
PRQXPHQW(YLGHQFHIRUFDSWLYLW\ZKLOHSUHVHQWZDVPXFKVFDUFHULQODWHUGHSRVLWVEHFDXVHWKHQXPEHU
RIVDFULILFHGDQLPDOVZDVYHU\PLQLPDODQGGLVDUWLFXODWHGKHDGVZHUHOHVVOLNHO\WRKDYHHYLGHQFHRIVXFK
PDQLSXODWLRQ3HUKDSVRQFHLWZDVHVWDEOLVKHGWKDWSRZHUIXODQLPDOVUHVLGHLQWKHPRQXPHQWWKHVWDWH
IRFXVHGRQHVWDEOLVKLQJQHZIRUPVRIHPSRZHUPHQWWKLVWLPHOLQNLQJKXPDQVWRWKHSODFH
(YHQDIWHUWKHIRXUWKFRQVWUXFWLRQSKDVHWKHRIIHULQJVFRQVLVWHQWO\PDQLSXODWHGUHEXLOWDQG
PDLQWDLQHGWKHLUFRVPRJUDP$VZDVWKHFDVHZLWK(QWLHUURVDQGWKHORFDWLRQRIWKHRIIHULQJGLFWDWHG
ZKDWVHDVRQWKHFHUHPRQ\VKRXOGWDNHSODFH8QIRUWXQDWHO\IRU(QWLHUURQRVHDVRQDOGHVLJQDWLRQFRXOG
EHPDGHIURPWKHVHFRQGDU\GHSRVLWVEXW(QWLHUURPRVWOLNHO\WRRNSODFHEHWZHHQ$XJXVWDQG-DQXDU\
GXULQJWKHGU\VHDVRQ3ODFHGDWWKHVXPPLWRI%XLOGLQJGXULQJWKHFRQVWUXFWLRQRI%XLOGLQJWKH
VHDVRQDOLW\RIWKHHYHQWFRQILUPVWKHDVVRFLDWLRQRIWKHPRQXPHQW¶VVXSHULRURUVRXWKORFDWLRQZLWK
GU\QHVVDVWUDODQGKHDW/LNH(QWLHUUR(QWLHUURFRQWLQXHGWRHPSKDVL]HWKLVGLYLVLRQEHWZHHQWKHZHW
DQGGU\ORZHUDQGXSSHU
Other monuments 
 (DFKPRQXPHQWZDVFUHDWHGDVDSDUWLFXODUSODFHRQWKHODQGVFDSHHPEHGGHGZLWKLQWKHKLJKO\
PXOWLOD\HUHGODQGVFDSH,GHQWLI\LQJKRZDQLPDOVDQGDQLPDOV\PEROVZHUHHPEHGGHGZLWKLQWKLVQHWZRUN
KHOSXQGHUVWDQGWKHUROHVWKHVHDQLPDOVSOD\HGIRUHDFKRIWKHRWKHUPRQXPHQWV7KHGHGLFDWRU\FDFKHV
IURPWKH6XQ3\UDPLGIXQFWLRQHGGLIIHUHQWO\IURPWKH0RRQ3\UDPLG7KHPDWHULDOVIURPWKLVRIIHULQJ
ZHUHOLQNHGWRWKHPRQXPHQWDQGWKHVXEWHUUDQHDQWXQQHOWKDWZHUHHVVHQWLDOLQUHLI\LQJVWDWHLGHRORJ\
DQGUHIRUPDWLRQGXULQJRQHRIWKHPRVWPRQXPHQWDOHQGHDYRUVDW7HRWLKXDFDQ2IUHQGDLVLQWHUSUHWHGDV
SDUWRIWKHFRQVHFUDWLRQULWXDOWKDWLQLWLDWHGWKHFRQVWUXFWLRQRIWKLVS\UDPLGDWWKHVDPHWLPHOLQNLQJWKLV
PRQXPHQWZLWKWKHVXEWHUUDQHDQIHDWXUH6XJL\DPDHWDOD
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:LWKRQO\RQHVDFULILFHGHDJOHWKH6XQ3\UDPLGGLGQRWXVHDQLPDOVWRRULHQWWKHRIIHULQJFDFKH
EXWVSHFLILFDOO\IRFXVHGRQDIHZNH\DQLPDOVWKDWUHODWHGWRWKHV\PEROLVPRIWKH6XQ3\UDPLG7KH6XQ
3\UDPLGFDUULHGDFORVHDVVRFLDWLRQZLWKIHOLGLFRQRJUDSK\/DUJHVXSHUQDWXUDOIHOLGVFXOSWXUHVZHUH
IRXQGLQWKHH[WHULRUIDFDGHVRIWKHSODWIRUP%DWUHVRIZKLFKDWOHDVWQLQHKHDGVZHUHFRXQWHGE\
%DUEDUD)DVK)DVKHWDO7KHSUHVHQFHRIWKHVHVWDWXHVDVZHOODVDIHOLGVFXOSWXUHH[FDYDWHG
IURPWKH;DOODFRPSRXQGMXVWWRWKHQRUWKRIWKH6XQ3\UDPLG0DQ]DQLOOD1DLPDQG/ySH]/XMiQ
DUHGHVFULEHGDVSRVVHVVLQJDFRPELQDWLRQRIFHOHVWLDODQGWHUUHVWULDODVSHFWVZLWKJRRJOHH\HVWKDWPD\
SDUDOOHOD0D\DGHLW\UHIHUUHGWRDVWKH-DJXDUJRGRIWKHXQGHUZRUOG)DVKHWDO7KHVH
IHDWXUHVFRQQHFWWKHIHOLGVFXOSWXUHVWRWKH&ODVVLF0D\D)LUH*RGDVDUJXHGE\6WXDUWLQ
0D\DLFRQRJUDSK\$V)DVKHWDOLOOXVWUDWHWKLVLQWHUSUHWDWLRQRIWKHIHOLGVFXOSWXUHVOLQNWKH
DGRVDGDSODWIRUPWRV\PEROVRIILUHVXQDQGXQGHUZRUOG
,WLVQRVXUSULVHWKHQWRILQGDSXPDVNXOOLQ2IUHQGD8WLOL]LQJWKHVDPHGLUHFWLRQDODIILOLDWLRQ
DVWKH0RRQ3\UDPLGWKHORFDWLRQRIWKHSXPDLQWKHQRUWKZHVWFRUQHURIWKHRIIHULQJFRQFXUZLWK
DVVRFLDWLRQVOLNHQRUWKRUEHORZDQGZHVWRUOHIWZLWKV\PEROLVPRIIHPDOHXQIRUWXQDWHO\QRVH[
GHVLJQDWLRQRIWKLVLQGLYLGXDOXQGHUZRUOGDQGZHWQHVV6LWXDWHGGLDJRQDOO\IURPWKLVSXPDDFRPSOHWH
ERG\RIDQHDJOHZDVSODFHGRQWKHVRXWKHDVWFRUQHUZLWKDS\ULWHGLVFSODFHGRQLWVEDFN,QWHUSUHWHGDVD
tezcacuitlapilliWKLVEDFNPLUURUZRUQE\WKHHDJOHHPSKDVL]HVLWVDVVRFLDWLRQWRWKHHDVWZLWKPDVFXOLQLW\
ZKLFKWKLVHDJOHZDVLGHQWLILHGDVPDOHVRODUV\PEROLVPDQGPLOLWDULVP,WVVRXWKHUQDERYH
RULHQWDWLRQDOVRDGGWRLWVOLQNWRFHOHVWLDOGU\QHVVDQGKRWQHVV7KLVVROHVDFULILFLDORIIHULQJZKRP
SUHVHQWVLVRWRSLFHYLGHQFHRIEHLQJNHSWLQFDSWLYLW\GHPRQVWUDWHVWKHFDUHLQZKLFKWKHLGHQWLW\RIWKLV
HDJOHZDVFRQVWUXFWHGMXVWOLNHLQWKH0RRQ3\UDPLG7KHHDJOHSOD\HGDFHQWUDOUROHDORQJZLWKWKHWKUHH
S\ULWHGLVFVWRHVWDEOLVKLQJWKLVGXDOOLQNEHWZHHQWKHVXQILUHDQGXQGHUZRUOGZDWHUWKDWLVH[SUHVVHGE\
WKH6XQ3\UDPLGDQGLWVVXEWHUUDQHDQWXQQHO
2IIHUHGGXULQJWKHVDPHJHQHUDOWLPHIUDPHDV(QWLHUURVDQGLWLVQRVXUSULVHWRILQGWKDW
VRPHRIWKHLVRODWHGKHDGVOLNHWKHFDQLGDQGIHOLGVNXOOVGHPRQVWUDWHGIDLUO\HQULFKHGLVRWRSLFVLJQDWXUHV
WKDWVXJJHVWWKHDQLPDOVFRQVXPHGDPL[HG&DQG&GLHWOLNHVRPHRIWKHSULPDU\EXULDOVIURPWKH
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0RRQ3\UDPLG7KLVRIIHULQJPXVWKDYHDOVRSOD\HGDUROHLQGHILQLQJWKHVHYHU\VDPHVSHFLHVDVNH\
V\PEROV
7KH)HDWKHUHG6HUSHQW3\UDPLGRQWKHRWKHUKDQGRQO\PLQLPDOO\LQFRUSRUDWHGDQLPDOPHGLXPV
,QVWHDGPDVVKXPDQVDFULILFLDOYLFWLPVWRWDOLQJRYHULQGLYLGXDOVDQLPDWHGWKLVSRWHQWVWUXFWXUHWKDW
HQJUDYHGGRPLQDQWIHDWKHUHGVHUSHQWVXQGXODWLQJDORQJWKHIURQWDOIDoDGH0DQ\ZHUHZDUULRUVWKDWZHUH
DGRUQHGE\KXPDQDQGFDQLGPD[LOODU\SHQGDQWV1RDQLPDOVZHUHVDFULILFHGDORQJVLGHWKHVHKXPDQVDQG
LWVHHPVWKHUROHRIWKLVS\UDPLGDOWKRXJKFRQVWUXFWHGURXJKO\GXULQJWKHVDPHSHULRGRIPDVVLYH
PRQXPHQWDOLVPDWWKHFHUHPRQLDOFRUHGLGQRWLQFRUSRUDWHDQLPDOPHGLXPVLQWKHVDPHPDQQHU,WVWLOO
UHPDLQVWREHH[DPLQHGLIDQ\RIWKHFDQLGVFDQLVRWRSLFDOO\EHLGHQWLILHGDVGUDZQIURPDFDSWLYHFDQLG
SRSXODWLRQDOWKRXJKMXGJLQJIURPWKHDEVHQFHRIDQ\SDWKRORJLFDOLQGLFDWRUVLWLVOLNHO\WKDWWKHLULVRWRSH
YDOXHVZRXOGEHVLPLODUWR(QWLHUURWKDWGLGQRWSUHVHQWDQ\HYLGHQFHRIFDSWLYLW\
5LWXDOL]HGDQLPDOV
 -XVWOLNHKXPDQVRFLHWLHVQRWDOODQLPDOVDUHPDGHHTXDO,QIDFWPDQ\LQGLJHQRXVFRPPXQLWLHV
EHOLHYHRQHVSHFLHVSUHGRPLQDWHGRYHUDOORWKHUV)RUH[DPSOHDSHOLFDQFRXOGEHFRQVLGHUHGWRSUHVLGH
RYHUDOORWKHUODNHELUGVZKLOHWKHMDJXDUORRPHGRYHUZLOGDQLPDOV/ySH]$XVWLQ$WWKHVDPH
WLPHDQLQGLYLGXDOZLWKLQDVSHFLHVFRXOGEHFRQVLGHUHGWKHFKLHIRUIDWKHUOLNHDVSHFLILFGHHUDPRQJ
GHHU7DNDZLUXDPRQJEX]]DUGV*LGGLQJVRUHDJOHDPRQJHDJOHV/ySH]$XVWLQ
7KHVHSRZHUIXOLQGLYLGXDOVDUHWKRVHWKDWDUHFORVHVWWRWKH/RUGRIWKH$QLPDOV/ySH]$XVWLQ
$QLPDOFODVVLILFDWRU\V\VWHPVRUGHUWKHQDWXUDOODQGVFDSHZKLFKRIWHQUHIOHFWVVRFLDOFODVVLILFDWRU\
V\VWHPVWKDW³QDWXUDOL]H´VRFLDOGLIIHUHQWLDWLRQDVDIRUPRIVSHFLDWLRQJLYLQJLWGLYLQHDXWKHQWLFDWLRQ
%XVDWWD/pYL6WUDXVV/ySH]$XVWLQ0F$QDQ\7DPELDK
)RUVSHFLDOLQGLYLGXDOVWRHPEHGWKHPVHOYHVLQWRWKLVFODVVLILFDWLRQV\VWHPWKH\PXVWVKRZ
LPSRUWDQWWLHVWRWKHVHVSHFLHVWKDWUHVLGHLQWKHKLJKHVWHFKHORQ%XVDWWD7KDWLVZK\WKH3HPRQ
VKDPDQVRI6RXWKHUQ9HQH]XHODVKRXW³,DPEODFNMDJXDU´)XUVWDQGRQO\WKHPRVWSRZHUIXO
VKDPDQFDQFRQYHUWLQWRDZROIDPRQJ+XLFKROFRPPXQLWLHVLQ1RUWKZHVW0H[LFR9DODGH]6XFK
DVWUDWHJ\LVH[WUHPHO\HIIHFWLYHVRPXFKVRWKDWGHVSLWHIXQGDPHQWDOVRFLRHFRQRPLFDQGLGHRORJLFDO
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FKDQJHVDPRQJWKH0D\DIURP&ODVVLFWR&RORQLDODQG0RGHUQSHULRGVWKHLGHRORJ\RIVRFLDOGLIIHUHQFH
SURYHGWREHDGXUDEOHVRXUFHRISRZHU0F$QDQ\%XWDV0F$QDQ\ULJKWIXOO\DUJXHV³DXWKRULW\
FDQQRWH[LVWLQDYDFXXPUDWKHULWPXVWEHPDWHULDOL]HGLQLQKHULWHGDQGODERULQWHQVLYHLWHPVDQG
SHUIRUPHGWKURXJKULWXDOSUDFWLFH´
7KLVLVZK\UHFRQVWUXFWLQJKXPDQDQLPDOLQWHUDFWLRQVDVPDQLIHVWHGLQULWXDOL]HGSHUIRUPDQFHVLV
DQHIIHFWLYHDYHQXHIRUUHFRUGLQJKRZVRFLDOKLHUDUFKLHVRIDVFDOHSUHYLRXVO\XQSUHFHGHQWHGLQ
0HVRDPHULFDZHUHFRQFUHWL]HGGXULQJWKHULVHRIWKH7HRWLKXDFDQVWDWH6WDWHVSRQVRUHGVSHFWDFOHV
VROLGLILHGQHZO\ULVLQJGRPLQDQFHRYHUWKHHQWLUHVRFLDOODQGVFDSHZLWKWKHSXEOLF,QGHHGDQLPDODFWRUV
SOD\HGDFHQWUDOUROHLQKXQWLQJULWXDOVUR\DOULWHVIHDVWVVHDVRQDOFHUHPRQLHVDQGGHGLFDWRU\ULWXDOV
DURXQGWKHJOREH%DOOLQJHUDQG6WRPSHU%URZQDQG(PHU\)LVNHVM|*RHSIHUW
<XDQDQG)ODGD7HRWLKXDFDQZDVQRH[FHSWLRQDVDQLPDOPHGLXPVZHUHXWLOL]HGDVYLVXDO
LQGLFDWRUVRIKXPDQFRQWURORYHUVRPHRIWKHPRVWSRZHUIXODJHQWVRQWKHODQGVFDSHDWDVFDOH
XQSUHFHGHQWHGLQ0HVRDPHULFDFRPSDUDEOHRQO\WRODWHU$]WHFFDVHVRIDQLPDOVDFULILFH3RODFR
6XFKDQDSSURDFKWRULWXDOVSHFWDFOHVXQGHUVWRRGDVDSURFHVVLQWKHSURGXFWLRQRISODFHVZLWKLQDZHERI
LQWHUSHUVRQDOUHODWLRQVKLSVZLWKDQLPDOVDQGDQLPDOPHGLXPVKLJKOLJKWVKRZPHWKRGRORJLFDOO\
]RRDUFKDHRORJLFDOLQTXLU\FDQGHILQHKXPDQDQLPDOHQFRXQWHUV
7KLVGLVVHUWDWLRQKDVDUJXHGWKDWWKHSK\VLFDOFDSWXUHPDQDJHPHQWDQGWDPLQJRIDQLPDOV
SDUWLFXODUO\RIYHU\SRZHUIXOFDUQLYRUHVZRXOGKDYHGUDPDWLFDOO\DOWHUHGWKHLUUHODWLRQVKLSZLWKWKHVH
EHDVWV7KURXJKRXWWKHGLVVHUWDWLRQWKHULWXDOL]HGSHUIRUPDQFHZDVUHFRQVWUXFWHGLQH[FUXFLDWLQJGHWDLO
XWLOL]LQJERWK]RRDUFKDHRORJLFDODQGLVRWRSLFGDWDVHWV7KLVVWXG\QRWRQO\SURYLGHGWKHPHWKRGIRUKRZ
WRUHFRQVWUXFWWKLVUHODWLRQVKLSEXWDOVRVXJJHVWVDWKHRUHWLFDOIUDPHZRUNIURPZKLFKWRLQWHUSUHWWKHGDWD
ZLWKLQWKHJUHDWHUFRQWH[WRIWKHVRFLRSROLWLFDOODQGVFDSH,QWHUSUHWLQJWKHVHULWXDOL]HGDFWVDVD
SHUIRUPDQFHDOORZHGDIRFXVRQYDULRXVDVSHFWVRIWKHULWXDOLQFOXGLQJWKHSDUWLFLSDQWVWKHLUV\PEROLVP
DQGWKHLUVHWWLQJ,QRPDWDDQG&REHQ$VVXFKDSHUIRUPDWLYHDSSURDFKWRULWXDOHQDEOH
LQWHUSUHWLQJWKHGLDORJXHRIPHDQLQJDQGDFWLRQLQWKLVFDVHWKHFRQVWUXFWLRQRIFDUQLYRUHVDVHPSRZHUHG
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V\PEROVRIWKH7HRWLKXDFDQVWDWH7KLVGLVVHUWDWLRQIRFXVHGRQDJURXSRISDUWLFLSDQWV²DQLPDOV²
ZKRVHLGHQWLWLHVZHUHFRQVWUXFWHGWKURXJKWKHGHGLFDWRU\DFWV
6XFKDSURFHVVZRXOGKDYHUHYROXWLRQL]HGWKHVRFLDOODQGVFDSHDVVRPHLQGLYLGXDOVZKR
FRQWUROOHGWKHVHWRSSUHGDWRUVPRVWOLNHO\HTXLYDOHQWWRWKHPDVWHURIDQLPDOVHOHYDWHGWKHPVHOYHVDERYH
WKHVHFUHDWXUHV/pYL6WUDXVVZDVULJKWDQLPDOVDUHFKRVHQQRWEHFDXVHWKH\DUH³JRRGWRHDW´EXW
EHFDXVHWKH\DUH³JRRGWRWKLQN´/pYL6WUDXVVVHHDOVR7DPELDK,QWKHFDVHDW7HRWLKXDFDQ
ZHPXVWXQGHUVWDQGHYLGHQFHWKDWKXPDQPDQLSXODWLRQRYHUVRPHRIWKHDQLPDOV²WUDGLWLRQDOO\WKRVH
UHJDUGHGDVSRZHUIXOHQWLWLHVWKDWFRQWUROOHGWKHQDWXUDOODQGVFDSHDQGWKHPHGLXPVWKURXJKZKLFK
FRPPXQLFDWLRQWRGHLWLHVVSLULWVDQGDQFHVWRUVRFFXUUHG²ZRXOGKDYHKDGH[SOLFLWLPSOLFDWLRQVWR
JDLQLQJDVRXUFHRISRZHUSUHYLRXVO\XQGRFXPHQWHGLQWKHDUHD




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5()(5(1&(6
$EH<RVKLNR&XUWLV:0DUHDQ3HWHU-1LOVVHQ=HODOHP$VVHIDDQG(OL]DEHWK&6WRQH
  7KH$QDO\VLVRI&XWPDUNVRQ$UFKDHRIDXQD$5HYLHZDQG&ULWLTXHRI4XDQWLILFDWLRQ
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